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Abstract 
The extensive and frequent flood events in the Shashe-Limpopo confluence area provide an 
opportunity to investigate the impacts of such an extreme event in terms of vegetation cover. 
Extreme flooding events are expected to occur more frequently as a consequence of climate 
change. Understanding the impacts of flood events on vegetation dynamic would be very 
useful to develop a dynamic simulation model that can predict the woody species 
composition of water retention areas or restored floodplains on the basis of flooding 
characteristics and therefore proposed riverine forest and landscape planning and 
management. 
This study used Landsat 7 data to quantify the response of vegetation to flood events in the 
Shashe-Limpopo confluence area. Two flood events that occurred in 2000 and 2013 
respectively were analysed to evaluate the patterns of vegetation response in the area of 
study. Different indices such as NDVI, NDWI and Modified NDWI (MNDWI) were tested in 
mapping vegetation patterns and the flood extent. The MNDWI was shown to be more 
effective in extracting water information than the NDWI. NDVI results and change detection 
statistical change showed efficiency in indicating vegetation response to floods. The results 
show that using MNDWI and a 0.2 threshold value, water delineation is possible. Vegetation 
shows that it flourishes after the floods however; there is some degree of change. The results 
derived from this can be able to help with landscape planning and management. 
  
iii 
 
ACKNOWLEDGEMENTS  
 All thanks to Heavenly Father for giving me strength to endure even when things were not 
easy. Thank you for your tender mercies during my time at the University of the 
Witwatersrand.  
I am deeply indebted to my supervisors, Dr. S. Merlo and Dr .E. Adam for providing 
guidance where needed. I am grateful that you were patient with me. I wouldn’t have done 
this without your help. 
I am grateful to the school of GAES at the University of the Witwatersrand for allowing to 
conduct my research with them. 
A special thanks to all the individuals who assisted me with data acquisition and my field 
work. Thank you for your kindness Mr Lokwalo (PhD candidate at the University of the 
Witwatersrand). 
Not forgetting my family, especially my mother. Thank you for your support and 
encouragement to not give up. Thank you for being the best mom any daughter could ever 
ask for. I love and appreciate you always. 
  
  
iv 
 
Contents 
DECLARATION.................................................................................................................................... i 
Abstract .................................................................................................................................................. ii 
ACKNOWLEDGEMENTS ................................................................................................................ iii 
List of figures ........................................................................................................................................ vi 
List of Tables ....................................................................................................................................... vii 
ABBREVIATIONS AND ACRONYMS .......................................................................................... viii 
1. Introduction ................................................................................................................................. 1 
1.1. Background ........................................................................................................................... 1 
1.2. Problem Statement ............................................................................................................. 3 
1.3. Research Aim and objectives ............................................................................................ 4 
1.3.1. Research Aim ............................................................................................................... 4 
1.3.2. Research Objectives ........................................................................................................ 4 
1.4. Research Questions ............................................................................................................ 4 
1.5. Description of the study area ............................................................................................ 5 
1.5.1. Climate .......................................................................................................................... 6 
1.5.2. Vegetation ..................................................................................................................... 9 
1.5.3. Geology and Soils ....................................................................................................... 10 
1.5.4. Hydrology ................................................................................................................... 10 
1.6. Outline of the dissertation............................................................................................... 11 
1.6.1. Chapter 1: Introduction ............................................................................................. 11 
1.6.2. Chapter 2: Literature Review .................................................................................... 11 
1.6.3. Chapter 3: Methodology ............................................................................................. 11 
1.6.4. Chapter 4: Results ....................................................................................................... 11 
1.6.5. Chapter 5: Discussions ................................................................................................ 11 
1.6.6. Chapter 6: Conclusions and recommendations ........................................................ 12 
Literature review ................................................................................................................................ 13 
Introduction ....................................................................................................................................... 13 
2.1. General Impacts of floods ................................................................................................... 14 
2.2. Vegetation cover change ..................................................................................................... 15 
2.3. Impacts of floods on vegetation .......................................................................................... 16 
2.4. Remote Sensing for flood disturbances monitoring ......................................................... 17 
2.5. Normalized Difference Water Index (NDWI) and Modified NDWI (MNDWI) ........... 19 
2.6. Remote sensing for Vegetation Monitoring ...................................................................... 20 
v 
 
2.6.1. Normalized Difference Vegetation Index .................................................................. 20 
2.6.2. Image classification ..................................................................................................... 22 
2.7. Change Detection ................................................................................................................ 22 
2.8. Summary .............................................................................................................................. 23 
Methodology ........................................................................................................................................ 24 
3.1. Data Sources ........................................................................................................................ 24 
3.1.1. Satellite data ................................................................................................................ 24 
3.1.2. Field data ..................................................................................................................... 26 
3.2. Methods ................................................................................................................................ 27 
3.2.1. Pre-Processing ............................................................................................................. 27 
3.2.2. Mapping vegetation species using WV2 imagery ..................................................... 28 
3.2.4. Mapping flood extent using Water Indices ............................................................... 31 
Results ................................................................................................................................................. 33 
4. Vegetation Species classification ........................................................................................ 33 
4.1. Flood extent mapping for the Shashe-Limpopo Confluence area .............................. 35 
4.2. Vegetation analysis using NDVI .................................................................................... 42 
4.3. Change detection using Classification ........................................................................... 49 
Discussion ........................................................................................................................................... 58 
5. Introduction ............................................................................................................................. 58 
5.1. Mapping vegetation species ............................................................................................ 58 
5.2. Flood extent Mapping ..................................................................................................... 59 
5.4. Vegetation cover change due to flood events ................................................................ 60 
5.5. Vegetation species adaptation to floods ......................................................................... 62 
6. Conclusions .................................................................................................................................. 63 
6.1. Recommendation ................................................................................................................. 64 
References ......................................................................................................................................... 65 
 
 
 
  
vi 
 
List of figures 
Figure 1: Map of the Shashe-Limpopo Confluence Area .......................................................... 6 
Figure 2: River monthly discharge data in Cubic Meters (m3) for the Beit Bridge Station
.................................................................................................. Error! Bookmark not defined. 
Figure 3: River monthly discharge data in Cubic Meters (m3) for the Point Drift Station ...... 8 
Figure 4: a) Stuhlmanni Terminalia, b) Acacia Tortilis, c) Ficus; d) Mopane leaves; e) Croton 
Megalobtrys; f) Mopane trees (Photos taken by A. Gangashe, 11 February 2016) ................. 10 
Figure 5: Map showing sites where GPS points were collected in the field............................ 27 
Figure 6: Vegetation classification of the Shashe-Limpopo Confluence area using WV2 and 
Maximum Likelihood Classification Algorithm ...................................................................... 33 
Figure 7: Water extent for the 2000 floods using Modified Normalized Difference Water 
Index. Note: a-b (before floods; c-d (After floods).................................................................. 38 
Figure 8: Water extent for the 2013 floods using Modified Normalized Difference Water 
Index. Note: a-b (before floods; c-d (After floods).................................................................. 41 
Figure 9: Maps showing NDVI for before and after the 2000 floods NDVI ........................... 43 
Figure 10: Maps showing NDVI for before and after the 2013 floods NDVI ......................... 45 
Figure 11: NDVI Change Detection for the 2000 flood event ................................................. 47 
Figure 12: Change Detection for the 2013 flood event ............................................................ 48 
Figure 13: MLC results for the image after the 2000 floods. a) Image before floods, b) Image 
after floods. .............................................................................................................................. 50 
Figure 14: MLC results for the image after the 2013 floods. a) Image before floods, b) Image 
after floods. .............................................................................................................................. 52 
  
vii 
 
List of Tables 
Table 1: Worldview-2 designated bands .................................................................................. 24 
Table 2: Selected images for the study .................................................................................... 25 
Table 3: Landsat 7 ETM+ designated bands ............................................................................ 25 
Table 4: Tree species as well as the number of GPS points taken for each tree species ......... 26 
Table 5: Maximum Likelihood Classification data ................................................................. 28 
Table 6: Confusion Matrix for validation of the tree species classification. Note: W=Water, 
AS= Acacia Senegalia, AT= Acacia Tortilis, CM= Croton Megalobotrys, FS= Ficus 
Sycomorus, AE= Acacia Erubescens, M= Mopane, ST= Stuhlmanni Terminalia, BS/BU= 
Bare Soil/Built-up, CL= Cultivated Land, OVT= Other Vegetation Types. ........................... 34 
Table 7: NDWI (a) and MNDWI (b) water and non-water features indicated using before and 
after images. ............................................................................................................................. 35 
Table 8: Change detection statistics results in percentages for the 2000 floods ...................... 53 
Table 9: Change detection statistics results in percentages for the 2013 floods. ..................... 54 
Table 10: Change Detection Statistics results in Percentages between the two images captured 
before the two flood events. ..................................................................................................... 55 
Table 11: Change Detection Statistics results in Percentages between the two images captured 
after the two flood events. ........................................................................................................ 56 
 
  
viii 
 
ABBREVIATIONS AND ACRONYMS 
 
ETM+         Enhanced Thematic Mapper Plus 
 ETM+ is a fixed ‘whisk-broom’ 8-band multispectral scanning radiometer that 
provides high resolution imagery 
GPS             Global Positioning System 
 A system that is designed to determine location anywhere in the World 
MLC           Maximum Likelihood Classifier 
 MLC classifier is a pixel based classification that classifies according to the likelihood 
that a pixel fits within a particular class and takes variability of classes into account 
by using covariance matrix. 
MNDWI     Modified Normalized Difference Water Index 
 MNDWI is a water extraction Index from multi-spectral images. 
NDVI          Normalized Difference Vegetation Index 
 NDVI is a numerical indicator that uses the visible and the near-infrared bands of the 
electromagnetic spectrum to show vegetation health.  
NDWI         Normalized Difference Water Index 
NIR             Near Infrared 
ROI             Region of Interest 
 ROIs are selected samples of different features within a raster that are identified for 
the purpose of supervised classification. 
SLCA          Shashe-Limpopo Confluence Area 
TM              Thematic Mapper  
 TM is an advanced multi-spectral scanning designed to achieve higher resolution 
images. 
ix 
 
USGS          United States Geological Survey 
 
1 
 
 
CHAPTER 1 
1. Introduction 
1.1.Background  
The Shashe-Limpopo Confluence area has a history of severe floods. These events are mostly 
recorded during the rainy season(s) when excess rainfall is experienced in this area. The 
severe floods that are recorded in this area tend to transform the surrounding landscapes 
including vegetation patterns and cover. In a study conducted by O'Connor (2010) on the 
transformation of riparian forest to woodland, the author noted that the 2000 flood event was 
accountable for 20% of the recorded losses in vegetation in the Shashe-Limpopo confluence 
area. With that being noted, it is important to consider rainfall as an important factor that 
contributes to change in vegetation.   
Rainfall is an important hydro-climatic variable (Love et al. 2010) that can be classified as 
average or extreme leading to flash floods or river floods depending on the duration and the 
intensity (Balica, 2012). Worldwide, an increased population as well as changes in land-use 
patterns have rapidly increased human vulnerability to floods (He et al. 2015). The most 
dangerous impacts of flood include death, damages to crops, infrastructure and property 
(Dewan, 2015).  Heavy rainfall events may also have some major effects on the lower 
reaches of the river basin (Jena et al.2015). Extreme flood events transport sediments from 
upstream to downstream; this transportation of sediments may lead to extreme changes of 
river morphology such as river bed slope, channel roughness, and flood routing process (He 
et al. 2015). Jena et al. (2015) also noted that floods are natural occurrences that can be an 
important source of sediment and nutrients to a variety of downstream riverine; however they 
may cause serious changes in the surrounding vegetation. 
Floods occur in many different parts of the world and with them, they bring negative as well 
as positive impacts (Kuenzer et al. 2013). In most cases, natural events like floods may cause 
changes in land-cover depending on the intensity and their frequency. The increasing death 
tolls and economic losses have led to the conclusion that, this event is to be considered in the 
list of the most dangerous natural events (Zhang et al. 2008). The importance of assessing 
and studying flood events has been shown over the past years by different authors who 
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indicated that flood assessment is an ongoing study as different parts of the world are affected 
by heavy flooding each year (Popovska & Ivanoski, 2009; Apel et al. 2004; Gautam & Van 
der Hoek, 2003). Most studies show that there is a great damage that results from flood 
events, which includes physical, social and economic (Yande, 2009). Studies have shown that 
globally, riverine flood plains are among the most threatened ecosystems. It is evident that 
there are a lot of changes within these ecosystems. These changes include changes in the 
vegetation cover (Tockner & Stanford, 2002). 
Vegetation cover is a very important useful aspect for evaluation of environmental 
conditions. Changes in the patterns of vegetation may also change the structure and functions 
of the landscapes in that way causing disturbance in ecological processes (Wang, 2015). 
Heavy rainfall that results in flooding of the surface may lead to vegetation cover destruction 
which is a negative impact, since vegetation cover may prevent soil erosion, landslides, 
surface roughness and sediments transportation into the river. Flood events in rivers not only 
affect the river channels but they also create disturbances in the riparian habitats. These 
disturbances that are being caused include washing away of herbs and trees and dispersing 
their propagules. Therefore, floods play a significant role in influencing and maintaining the 
intricate mosaic of vegetation that is normally present in the riparian habitats. It is therefore 
evident that whenever there is flood during heavy rainfall season the vegetation cover is also 
affected (Asaeda et al.2012). While heavy flooding has an impact on the riparian habitat, it 
may also in most cases have a negative impact on the downstream areas of the river. Asaeda 
et al (2012) noted that while flooding can cause desiccation on the riparian vegetation, the 
transported downstream sediments and nutrients may result in growth of vegetation. 
However, this type of vegetation growing in these areas may not be similar to the vegetation 
that grows when there is normal run-off of the river. This may cause disturbances on the river 
morphology as well as the ecosystem as a whole. The transported sediments and nutrients not 
only have negative impacts whenever it is flooding, they are also helpful in agricultural 
practices. Vegetation in the area understudy is very diverse and it mostly includes mopane as 
well as the acacia trees. However, the area around the confluence has different types of 
vegetation that includes the Ficus trees and the Croton Megalobotrys. The study therefore 
considers these different types of tree species within the study area, alongside grass and 
cultivated areas.   
This study focuses on monitoring the dynamics of the two most recent important flood events 
that have occurred in the Shashe-Limpopo confluence area in the years 2000 and 2013 and 
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how they have impacted the distribution of the surrounding vegetation. The study used 
remote sensing techniques to quantify the results.  
From a methodological perspective, monitoring floods and assessing their impacts on 
vegetation can be achieved by a variety of methods including remote sensing. Remote 
sensing is being widely used in studies involving floods to improve general understanding of 
hydrology and ecology of river floodplains (Chignell et al. 2015; Klemas, 2014; Ward et at. 
2014; Smith, 1997). Remote sensing as defined by most scholars is the science of obtaining 
information about objects or areas on the Earth’s surface without direct contact to that 
specific object (Aggarwal, 2004). The information is acquired through satellite images. 
Satellite images have been successfully employed to monitor and quantify water and 
vegetation cover changes (Makinde, 2013; Ahmad, 2012; Nemani, 1996). Haq et al. (2012) 
noted that remote sensing has made a significant contribution in monitoring floods as well as 
assessing the damages, which leads to disaster management authorities being able to organise 
prompt responses to flood hazards.  
The choice of using remote sensing in this study is based on its ability to provide historical 
data and to study large areas. This is an advantage that is not offered by exclusively field 
based studies. Vegetation can be quantified using remote sensing techniques and algorithms 
such as Vegetation Indices (VI), the most common being the Normalized Difference 
Vegetation Index (NDVI). NDVI as well as supervised classification are used in this study to 
monitor change in vegetation cover with reference to the flood events under study.   
1.2. Problem Statement 
 Distortion in the natural balance of the vegetation cover is of serious concern within the 
environment. Shashe-Limpopo confluence area is one of the areas where great amount of 
vegetation has been lost throughout the years. The South African National Biodiversity 
Institute (SANBI; 2011) released a list of the most threatened biodiversity in South Africa 
and the vegetation that is found within and around the Shashe-Limpopo Confluence area is 
said to be amongst the most threatened.  
Although various factors such as drought and animals have contributed on the loss of 
vegetation, flood activities that have been occurring throughout the years have also had a 
great contribution on the loss of vegetation in the SLCA. Losses in vegetation through floods 
within this area have been highlighted by Kotze (2015) & O'Connor (2010) who noted that, 
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although drought is accountable for more changes in the vegetation cover, the 2000 floods 
accounted for almost a quarter of the vegetation losses with about 20% in losses. 
Limited knowledge on how floods impact vegetation has been highlighted in this area. Thus, 
studying the dynamics of the vegetation cover with reference to flood events will enable 
insight on the impacts of these flood events on the surrounding vegetation and how to avoid 
the ecosystem imbalance that these changes cause. It is then against this background that the 
changes in the vegetation cover in this area are studied with reference to the 2000 and the 
2013 flood events. 
1.3. Research Aim and objectives 
1.3.1. Research Aim 
The aim of the study is to establish how two specific historical flood events (2000 and 2013), 
which can be monitored through the use of remote sensing, have had an impact on the 
vegetation cover in the Shashe-Limpopo Confluence area. The aim is to determine the 
impacts of floods on vegetation cover.  
1.3.2. Research Objectives 
To answer the proposed research questions, the following research objectives were 
formulated: 
 To map the common vegetation species in the area in 2015, using remotely sensed 
data and classification. This is be used as a baseline for the current distribution of 
vegetation in the area. 
 To map the two distinct flood events using remotely sensed data (Landsat Imagery). 
This is be done to determine the extent of the two floods. 
To determine changes in cover of the different vegetation species due to flood events 
using remotely sensed data (Landsat Imagery) and change detection techniques. 
1.4. Research Questions 
The research questions for the proposed study are as follows: 
 What are the common vegetation types in the Shashe-Limpopo Confluence area? 
 What was the extent of the 2000 and 2013 flood events? 
 What are the changes in vegetation cover with reference to the flood events 
understudy (2000 and 2013)? 
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1.5. Description of the study area 
Located approximately 22°11'44"S and 29°22'31"E is the Shashe-Limpopo confluence area. 
This is the area where these two great rivers meet, the Shashe and the Limpopo River. The 
Shashe and Limpopo rivers are the marks of the boundaries between South Africa, Botswana 
and Zimbabwe as well as the boundary of the Mapungubwe National park (Sinthumule, 
2014). The Shashe River is a main left-bank tributary of the Limpopo River in the Zimbabwe 
side. It rises northwest of Francistown in Botswana and flows into the Limpopo River. The 
Shashe-Limpopo confluence area is part of the Vhembe district in the Limpopo province, 
South Africa. 
The Shashe-Limpopo confluence area is considered to be highly vulnerable to flooding 
events. It comprises of a very complex landscape of Caroo sandstone ridges, riverine forest 
and mopane bushveld (Spaliviero et al. 2014). The study area was selected because of the 
occurrence of flood events throughout the years as well as its variation in vegetation cover 
types. Figure 1 below shows the location of the Shashe-Limpopo Confluence area. The figure 
below also shows the Elevation in a form of a DEM, rivers as well as the river discharge data.   
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 Figure 1: Map of the Shashe-Limpopo Confluence Area 
1.5.1. Climate  
The climate in the Shashe-Limpopo Confluence area varies from being arid to semi-arid. The climate 
in this area is influenced by the three wind systems, the tropical cyclones from the Indian Ocean, the 
south-easterly wind systems that leads to rainfalls from the Indian Ocean as well as the Inter-
Tropical Convergence Zone (ITCZ) which at times moves southwards to influence rainfall. 
The climate of this area is semi-arid, with the mean annual rainfall ranges from 350-400mm 
(Sinthumule, 2014). However this range usually decreases during the summer months. The 
temperature in this area rises up to 45ºC in summers whereas in winter, it is usually mild and 
frost may occur at times (Götze et al. 2003). 
Rainfall plays a very important role in within the area of the study with regards to the 
distribution of vegetation. The graphs (Figure 2 & 3) show the monthly discharge data for the 
period 1998 to 2017. 
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The monthly discharge data for the period of interest is shown in figures 2 and 3, below. The 
data are collected at the weather stations of Beit Bridge near Mussina, on the Limpopo River 
as well as Pont Drift another Limpopo River crossing into Botswana. The data below shows 
when the river had more water discharge during the presented years. The year 2013 which is 
one of the years the study is focused on shows that there was high volume of discharge 
during that year around January as well as February. This indicates that during those 
mentioned months there was high rainfall as compared to other years. The year 2000 has 
missing data within the Beit Bridge rainfall station. This is one of the limitations that were 
encountered when searching for rainfall data. This missing data problem is also seen within 
most stations where the data for that year was missing. However, the graph that is shown by 
figure 3 which is the representation of the Pont Drift station has some of the data that is 
missing from the other station which works in our advantage because it also presents the 
missing 2000 data from the other station. Presenting both the graphs gives a clear indication 
of when the river had high volume in discharge. The Pont Drift station also has most of the 
data missing including some of the 2013 data. The data presented below does not represent 
rainfall data, this is a representation of water discharge hence the first station which is Pont 
Drift has lesser discharge volume. This is because; compared to the Beit bridge station the 
point drift comes first. Therefore, Beit Bridge shows high volume of discharge on those years 
that has available data. 
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Figure 2: River monthly discharge data in Cubic Meters (𝐦𝟑) for the Pont Drift station 
 
 
Figure 3: River monthly discharge data in Cubic Meters (𝐦𝟑) for the Pont Drift Station. 
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1.5.2. Vegetation  
The Shashe-Limpopo Confluence area consists of different types of vegetation. The land type 
in this area includes riverine and non-perennial wetland vegetation with deep to moderate 
soils with a high amount of silt and clay content (Götze et al. 2003). The main recognised 
types of vegetation include tree species such as three types of acacia (acacia tortilis, acacia 
erubescens and acacia senegalia), Colophospermum Mopane, Stuhlmanni Terminalia, as 
well as the Ficus trees and the Croton Megalobotrys along the river. Other types of 
vegetation found in this area are shrub species that are Abutilon grandiflorum, Ochna inermis 
and grass species such as Trichoneura, Schmidtia pappophoroides, Aristida scabrivalvis 
subsp. scabrivalvis and Brachiaria nigropedata (Götze et al 2008). The area is also 
characterised by the baobab trees which are not as dominant as other tree species. Another 
part of the study area adjacent to the Limpopo River has completely been changed through 
agricultural practices. Parts of the floodplains in this study area are cultivated for agricultural 
produce such as crushed maize, ground nuts, millet as well as sorghum. The community 
around this area produces great amount of these crops in order to generate surpluses 
(Huffman, 2009). Pictures below are showing images of some of the tree species that were 
noticed during field work.  
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Figure 4: a) Stuhlmanni Terminalia, b) Acacia Tortilis, c) Ficus; d) Mopane leaves; e) 
Croton Megalobtrys; f) Mopane trees (Photos taken by A. Gangashe, 11 February 2016) 
1.5.3. Geology and Soils 
The geology of the Shashe-Limpopo Confluence area comprises of the sand and alluvium 
from the quaternary system. The soils of the Shashe-Limpopo confluence area are resultant 
from the rocks of the Archaean granite in the south and more commonly from the Karoo 
system. The soils differ from red-brown sandy loam to dark brown clays with high amount of 
silt content. Large areas are characterized by sand, lime-rich soils (Götze et al. 2003, 
O'Connor, 2010). There are Kimberlites that are more than 100 years old which are found in 
this area (Götze et al. 2003). There is also a large diamond mine in Venetia (Götze et al. 
2003). 
1.5.4. Hydrology  
The confluence of the seasonally-flowing Shashe and Limpopo rivers is classified as 
dominant hydrological feature. This area’s ground water supplies are usually poor except 
f e 
d c 
b a
) 
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along the fault lines (Mapungubwe National Park and World Heritage Site Management plan, 
2013-2018). The irrigation withdrawals upstream as well as downstream around the 
confluence area are large relative to water supplies. There are also dolerite features close to 
the confluence that are crucial to the function of the floodplain. Springs associated to these 
dolerite intrusions are also found by the area.  
1.6. Outline of the dissertation  
This dissertation comprises of six chapters. The chapters are divided into background and 
introduction, literature review, methodology, results, discussion and conclusions. The 
chapters are outlined as follows: 
1.6.1. Chapter 1: Introduction 
This chapter gives a general background of the study and provides a general overview of the 
problems that are related to floods and ecosystem vulnerability to these flooding events. This 
chapter includes aims and objectives as well as the description of the study area.  
1.6.2. Chapter 2: Literature Review 
In this chapter the review of literature relating to floods and their disturbance to ecosystems is 
outlined. The concept of flood hazards is explained in details according to the findings of the 
studies that were conducted in the past. The impacts of floods on vegetation according to past 
studies are also documented in detail. The methods that were utilised in these studies are also 
briefly explained. These methods are explained according to the studies that were done in the 
past and actually achieved the results with these methods. The advantages and disadvantages 
of using these methods is also reviewed. Relevant literature on remote sensing as main part of 
the study is also explained in detail as well as the pass papers that used remote sensing 
techniques for water extent mapping and vegetation mapping. 
1.6.3. Chapter 3: Methodology 
In this chapter a description of data and their sources as well as the methods that are used to 
carry out this study is outlined.  
1.6.4. Chapter 4: Results 
In this chapter the results that were obtained using the data, methods and techniques that were 
briefly explained in chapter 3 are presented in detail. The results answer the research 
questions and achieve the research aim and objectives. 
1.6.5. Chapter 5: Discussions  
In this chapter the research finding are discussed in relation to relevant literature.  
12 
 
1.6.6. Chapter 6: Conclusions and recommendations 
This chapter concludes the study. It covers the conclusions that are made based on the results 
findings. Recommendations of the study are also documented in this chapter. 
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CHAPTER 2 
Literature review 
Introduction 
Intense rainfall during a short period of time maybe caused by extreme conditions as results 
of climate change, as a result flood events are experienced. Floods are events that occur when 
there is excessive water flow. It is an inundation of dry regions in the surface caused by rising 
water in the existing waterway such as river, stream or drainage (Musyoki et al. 2016). Lo et 
al. (2015) noted that when a great volume of water cannot be drained in time within the 
rainfall area, the area face overflow in results causing a large number of casualties and a 
severe loss of property.  Floods are natural hazards that occur as a result of heavy rainfall and 
excess run-off. Floods are amongst the most severe disasters that are great risk to human life 
(Leigh et al. 2014) and it has been noted that they are amongst the most dangerous 15 kinds 
of natural disasters (Zhou et al., 2002). Many people around the world are affected by this 
natural phenomenon, with over one-third of the world’s land being prone to flooding (Sharma 
et.al, 2011) and this is mostly due to the increase in population which leads to an increase of 
human vulnerability to these events. These events bring positive but they may also bring 
negative effects, their effects may depend on their severity and their frequency. Thus 
depending of these two factors, impacts of these disturbances may vary.  
Throughout the whole world, people have lived and died because floods of since the 
beginning of time (O'Connor & Costa, 2004). Normal flooding is greatly expected in many 
parts of the world for the reason that they bring rich soil for cultivation and provision with 
water as well. However the past decades, the pattern of the floods have been changing and 
they have become more intense, frequent and also unpredictable. In addition to the world 
population rapidly increasing, people are forced to live in areas that a more prone and more 
vulnerable to flooding events (Alam et al. 2008). With growth in population and more 
developments in all the areas of the world, floods are more likely to occur. Hence, the 
increase in the frequency and the intensity of the floods within the past decades. Most authors 
have recorded floods and their impacts in different parts of the world (Eni et al. 2011; Hölzel, 
& Otte, 2001) from food security, economy, social aspects and the environments. Flood 
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events are said to be very costly for countries worldwide. They are disasters that are not only 
costly to the developing and the underdeveloped but also costly to developed countries. 
In this study, the area of interest is situated in South Africa in one of the areas that are most 
vulnerable to floods (Spaliviero et al. 2014; Jesse & Swemmer, 2013). South Africa has an 
interesting history of severe floods in many of its provinces. In the past years (1995-2015), 
South Africa has experienced many flood events with most of them being devastating. The 
most valid example would be an example of the most recent winter floods in the Kwa-Zulu 
Natal province, not only did it leave millions of damages but it also claimed lives. In South 
Africa, the annual risk of flood events is said to be at 83.3%, this could be explained by the 
population being high and also geographical location (Zuma et al. 2012). The most 
memorable events include Kwa-Zulu Natal in 1995/1996, the Limpopo February 2000 as 
well as other events that hit Mpumalanga and Eastern Cape Provinces (Van Bladeren et al. 
2007). According to Zuma et al. (2012), the areas that are more vulnerable to floods are 
Limpopo, KwaZulu-Natal (KZN), Eastern Cape and North-West. Flood events in South 
Africa has been recorded by many authors such as Spaliviero et al. (2014) who noted the 
Limpopo river basin floods in 2000 and 2013. The authors analyse the past flood events with 
the aim of explaining the evolution of the river. The study also noted that human race tend to 
settle closer to the river due to semi-arid and sub-humid conditions in the basins, hence their 
vulnerability to these events.  
2.1.General Impacts of floods 
The most dangerous impacts of flood include direct mortality, damage of crops, infrastructure 
and property (Dewan, 2015). The impacts of these floods events may be classified as primary 
and secondary. Primary damages being those that include the damages on infrastructures in 
general whilst the secondary includes the impacts on people, agriculture and water (Efobi & 
Anierobi, 2013). With the secondary impacts of these disturbances, one may refer to the 
affected area’s economy. The Economy of the country is one of the portions that are affected 
negatively when these events occur. These floods may affect the economic sector in terms of 
supply chain, for example in the events of flood disasters the entire supply chain may suffer 
disruption and break down (Haraguchi & Lall, 2015).  The impacts may also be in terms of 
damages to infrastructures and other entities. Haddad & Teixeira (2015) noted that floods not 
only contribute to domestic economic growth but also international growth. Not only do they 
reduce the economic growth of the flood affected area, but also the international economic 
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growth. The economy being the most important asset in the world, then suffers. Floods not 
only have impact on the economy but also the environment and its characteristics.  
Flood events have also been noted to play a massive role in the change in environmental 
impacts more importantly the shaping of the ecosystem. (Michener & Houhoulis, 1997) noted 
that floods play the most important role in regulating the ecosystem structure as well as its 
functions, more importantly the plant communities and animal population. Mostly, the 
impacts on the ecosystem are more on the morphological changes along the river. The river 
pattern is mostly determined by the disastrous natural events like floods than normal 
activities (Gautam & Van Der Hoek, 2003). Jena et al.(2015) noted that flood events may 
have some major effects on the lower reaches of the river basin considering the transportation 
of sediments from upstream to downstream; this transportation of sediments may lead to 
extreme changes of river morphology such as river bed slope, channel roughness, and flood 
routing processes (He et al. 2015).  
The impacts of these events depend on their intensity and the frequency as well. How much 
of floodwater is present may be a very reasonable explanation on the severity of the damage 
or the positive impacts.  
2.2.Vegetation cover change 
Vegetation differs in each and every area of study whether it is mountainous or plain regions 
(Liang et al. 2015). Although it varies with location and climatic conditions, vegetation cover 
change is a very significant indication of the ecological environment change (Sun et al. 
2008). Climate change and mostly human activity have led to an increase in vegetation 
change (Wei et al. 2016). As one of the most important and sensitive factor in the ecosystem, 
vegetation change does not only reflect general state of the environment but also has an 
influence on other environmental factors (Liu, 2016). It has been noted that vegetation 
strengthens the biogeochemical and ecological functioning of most environments on earth 
and often provides the foundation for the classification of the ecosystem. Vegetation species 
composition and structure are particularly sensitive and also vulnerable to climate change. 
Jeyaseelan (2003) noted that vegetation condition reflects the overall effect of rainfall, soil 
moisture, weather and agricultural practices. According to Li et al (2016) changes in 
vegetation directly or indirectly shapes the biosphere-atmosphere interactions including the 
hydrological cycle. With regards to vegetation growth, Li et al. (2016) noted that the growth 
cools local land surface temperature. Research has shown that increased vegetation coverage 
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results in changes in water resources, which is a major element of the most ecological 
regions. This leads to a conclusion that vegetation maybe good as well as bad for most of the 
delicate ecosystems (Li et al. 2016). Rose et al (2016) note that response to conditions in the 
area, changes in population and reduction in nitrogen availability may also contribute to the 
overall changes in vegetation more especially if the area is in the uplands. Quantification of 
the important drivers of vegetation change is vital for the informed management of 
vulnerable habits (Rose et al. 2016 & Liu et at. 2016). 
A number of studies in recent years have been interested in examination of widespread 
vegetation changes (Chen et al. 2014; Elliott et al. 1998). Many of these authors noted that 
changes in temperature, soil moisture and water in the area could alter the vegetation cover 
characteristics (Stow et al. 2004).  
2.3.Impacts of floods on vegetation 
Vegetation plays a vital role during extreme events like floods, such as dissipating flows and 
stabilising banks by preventing erosive forces of overland flowing (Hickey & Salas, 1995). 
However in most cases vegetation cannot withstand the forces of these overflows. Most 
studies have highlighted the importance of studying vegetation patterns prior and after flood 
events (Meer & Ahmad, 2014; Shoopala, 2008). Flood disturbances are one of the important 
factors that have an impact on the riparian vegetation on river flood plains (Dzubakova et al. 
2015). The results of floods on the vegetation cover may be both positive and negative. The 
amount of rainfall determines how much water is kept in the soil at different depth and how 
vegetation responds in terms of germination and growth (Tietjen, 2015). In most extreme 
events, vegetation cannot withstand the power of floodwater and it is broken or uprooted 
(Hickey, 1995). In the study of floods and their effects on forest trees, Basak et al. (2015) 
noted that the increasing trend of climate induced floods have had such impacts as, millions 
of trees dying due to increased floods and water-logging. The study further more noted that 
these severe long period floods and also water-logging caused root rotting, defoliation of the 
trees and also there was absence of air in the root system, hence the dying of trees in 
numbers. Uneven distribution of precipitation has an effect on soil erosion, land degradation 
and vegetation covers. Vegetation conditions are positively associated with precipitation in 
most of the dry areas. However it also has a negative correlation with heavy rainfall in humid 
areas (Wang, 2015). In a study where the author was analysing institutional mechanisms that 
support community response to impacts of flood, one of the impacts of floods noted in this 
study was that, households (74%) in this area cultivated on the flood plain, they practiced 
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dowe, which is the stream bank cultivation, and this was because of the rich nutrients and 
wetter land on the flood plain (Muhonda et al. 2014). However these crops that were grown 
on the floodplain were shown to be vulnerable to destruction during floods (Muhonda et al. 
2014). Moats (2007) also in the study assessing the impacts of flood inundation noted that, 
the two land cover types that were mostly affected by floods were cultivated crops and the 
deciduous forest. These authors showed that during flood events, cultivated crops experience 
a great loss. On the study that was conducted to show the floodplain inundation and the 
vegetation dynamics, Ward et al (2014) noted that there is a need for baseline information on 
inundation driven dynamics of the region to support the growth of natural resource 
management. The study made use of remote sensing to quantify the results of the study. 
2.4.Remote Sensing for flood disturbances monitoring 
Flood mapping during and after floods is essential. Nowadays, flood extent is succesfully 
mapped using technologies such as remote sensing and Geographical Information Systems 
(GIS) (Ward et al 2014; Ho et al. 2010; Samarasinghea et al. 2010). A number of authors 
have emphasised the usefulness of satellite data that it is important in determining, detecting 
and estimating the flood extent, damage and its impacts on the environment (Hussaina et al. 
2011; Khanna et al. 2006).   
Remote sensing also referred to as Earth Observation System (EOS) and GIS are amongst 
several tools available for disaster management (Simonovic & Eng, 2002).  Remote sensing 
based flood mapping basically records what land has actually been flooded or non-flooded 
based on topography, hydrological data and hydraulic modelling (Brakenridge et al. 2003). 
Mapping of these events as they occur in years can provide information with regards to flood 
hazard evaluation as well as the damages that the floods had on the surrounding environment 
as well as land use changes. Brakenridge et al (2003) noted that satellite observation allows 
extent of flooding to be preserved and local flood histories to be defined. The ability of a 
satellite to provide a complete, synoptic and multi-temporal coverage of very large areas 
within a short period time have been very valuable in monitoring and managing flood events 
(Khanna et al. 2005). Flood maps that are derived from the satellite imagery play a vital role 
in the improvement of flood modelling and flood forecasting (Barneveld et al. 2008) as well 
as future planning and management strategies. According to Jeyaseelan (2003), using remote 
sensing to monitor floods depends on factors such as topography, climate as well as some 
environmental factors such as vegetation and population. 
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There are different techniques that are used in mapping the floods. The techniques include 
using DEMs, Satellite images and flood records. Other authors use an integration of all these 
techniques. Remote sensing images and GIS data which cover very large areas of the earth 
surface can be acquired at regular time intervals and also at a very low cost. Zhang et al 
(2002) noted that when the Remote sensing data is integrated with the non-Remote sensing 
data it is easy and also sufficient to monitor the floods as natural disasters. Many remote 
sensing satellite sensors maybe used to observe water which may be useful with flood extent 
mapping. It is of great advantage that remote sensing allows one to explore ideas and come 
up with new ways of mapping water extent/features. Sensors may also be used in 
combination in practical applications. However, satellite sensors have their own 
disadvantages. Because satellite measurements are in the visible and near-infrared 
wavelengths, useful data is obtained during daylight under cloud-free conditions. That 
becomes a disadvantage when there is no useful data because of the conditions that the data is 
being obtained (Zhang et al. 2002). Zhang et al (2002) also noted that the satellite becomes 
more advantageous when the flood is over. According to the authors (Zhang et al. 2002), the 
satellite images can actually be used to calculate the actual losses in different administrative 
areas. Such information allows the determination of damage control strategies to be used. 
These data also provides comprehensive spatial information and it is documented that it 
actually gives support when it comes to planning damage control such as rebuilding, planning 
water conservation facilities as well as selecting locations for new towns for relocations. 
On a study that was conducted to determine the extent of flooding, Chormanski et al (2011) 
the use of satellite imagery (Landsat) was shown by the authors. The authors combined the 
collected GPS with the imagery for mapping inundated areas. In this study, Landsat ETM 
images were used for classification where the resultant classification was grouped to wet and 
dry classes. The study noted that the classification method that was used to re-classify the 
images gave satisfactory results. The results were also verified using the collected GCPs. 
However, collecting GCPs may be problematic while dealing with historic floods in a sense 
that, the GCPs may not be reliable. Authors have highlighted the use of optical remote 
sensing and its success in terms of mapping flood extents.   Jung et al (2014) suggested an 
approach to obtain flood extent boundaries using Landsat imagery and DEMs. The author’s 
approach is very similar to the approach that Chormanski et al (2011) and other author’s 
(Klemas, 2014; Schnebele & Cervone, 2013; Qi et al. 2009) used. The Approach extracts the 
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flooded area by using the ISODATA image processing algorithm, and then the DEMs are 
used to extract the ground elevation in order to match them with the classified results.  
With new technologies and approaches for water features discrimination being developed, it 
may seem oblivious not to explore them further and observe if they work in similar ways with 
the other techniques that are used in previous studies. The developing techniques that are 
mentioned above make use of water indices to classify water features. There have been 
studies recently on the use of water indices in delineating water features. These studies make 
use of multi-temporal data to develop these indices that can be used in the delineation of 
water features. The indices that are mostly documented by different scholars include the 
Normalised Difference Water Index (NDWI), the Normalised Difference Moisture Index 
(NDMI) as well as the Modified Normalised Difference Water Index (MNDWI). The history 
of the development of these indices was recorded by Mcfeeters (1996). The author developed 
a methodology that uses the NDWI as an index to delineate open water features and enhance 
their presence in the remotely sensed data. The indices normally use the fraction of green and 
Near Infrared as well as Red and Shortwave Infrared depending on the index (Memon et al. 
2015). These types of water feature delineation indices have been used by number of authors 
(Li et al. 2013; Ji et al. 2009 ;) in different studies.  
2.5.Normalized Difference Water Index (NDWI) and Modified NDWI (MNDWI) 
According to Rokni et al. (2014) the NDWI was developed for water features extraction from 
multi-spectral images while the MNDWI extract water features while suppressing errors that 
may be derived from built up land as well as vegetation and soil. The NDWI was recorded by 
Gao (1996) where the author noted that the NDWI proposed that it uses two near-infrared 
channels. The author introduced this method as a method of extracting vegetation liquid 
water. Rogers & Kearney (2004) also worked with NDWI using the red and Short Wave 
Infra-red (SWIR) bands for the Landsat TM.  Quite a number of authors have used this water 
index to delineate water and map surface water (Rodgers & Kearney, 2004; Gao, 1996; 
Mcfeeters, 1996).  
The Modified Normalized Difference Water Index (MNDWI) can be calculated as follows: 
NMDWI= (Green-MIR)/ (Green+MIR) 
The MNDWI has been noted as the best index in mapping water features as compared to the 
NDWI. The NDWI is said to confuse different class pixels as water however, the MNDWI 
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eliminates this problem. Xu (2006) noted that the application of NDWI in water regions 
where there are built-up areas does not fully achieve the purpose of mapping water only. 
Meaning that, other built-up areas have positive values in the NDWI results. The author (Xu, 
2006) noted that with detail examination of signatures, it was concluded that the average 
digital number of a band representing MIR radiation is much greater that of the green band. 
Therefore if MIR band is used instead of the NIR band the built up areas should have 
negative values. Hence the NDWI is modified by substituting the MIR band for the NIR 
band. 
2.6.Remote sensing for Vegetation Monitoring 
Remote sensing tools can be used in vegetation monitoring. Satellite base vegetation 
monitoring plays an important role in defining the impacts of floods and their severity. 
Because of technology advancements, analysis of plant physiology and biometrical properties 
using electromagnetic spectrum is possible (Jarocinska & Zagajewski, 2006). Studies have 
shown the relationships of red and near-infrared (NIR) to the amount of vegetation present at 
a certain area on the ground (Jeyaseelan, 2003). The decrease in the reflected red goes along 
with the development of plant due to chlorophyll absorption in the photosynthetic leaves. On 
the other hand, reflected NIR will increase with plant development through scattering 
processes such as reflection and transmission in healthy turgid leaves. A large number of 
methods are being used to quantify vegetation cover and many of these methods are 
dependent on remote sensing technologies and analyses. The use of satellite imagery has 
enabled measurements in the changes of vegetation cover and its health. Zhang et al (2003) 
noted that a number of methods have been developed to determine the vegetation changes 
using time series of Normalised Difference Vegetation Index (NDVI).  
2.6.1. Normalized Difference Vegetation Index  
Normalised Difference Vegetation Index (NDVI) is a numerical indicator that uses the visible 
and the near-infrared bands of the electromagnetic spectrum. This indicator was adopted to 
work with remote sensing measurements and assess if whether the target being observed 
contains live green vegetation or not (Ryan, 1997). According to (Govaerts & Verhulst, 2010) 
Satellite based NDVI are influenced by many factors that are not vegetation, factors such as 
atmospheric conditions, satellite geometry as well as soil backgrounds and crop canopy. Ryan 
(1997) noted that NDVI calculations are based on the principle that suggests that actively 
growing plants absorb radiation in the visible region of the spectrum; on the other hand they 
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strongly reflect radiation in the Near-Infrared region. The satellite based NDVI is calculated 
using the formula,  
NDVI= (NIR-Red)/ (NIR+Red). 
This formula yields the values that range from -1 to +1. -1 usually representing water and the 
positive values representing strongest vegetation growth. This formula also allows the 
understanding of the fact that two identical covers of vegetation could have different values.  
NDVI has a variety of applications in vegetation related studies as it can be used for 
estimation of crop yields, pasture performances and many other applications (Panda et al. 
2010). NDVI is mostly associated to the other ground parameters such as percent of ground 
cover, photosynthetic activity of the plant, surface water, leaf area index and the amount of 
biomass (Ceccato et al.2001). Overall healthy vegetation will absorb most of the visible and 
reflects in the near-infrared light. The unhealthy vegetation reflects more in the visible 
spectrum and less in the near-infrared. Numerous researchers have extensively employed the 
NDVI to analyse the various factors regarding vegetation and vegetation cover response to 
climate change and population change (Bhalli et al. 2013; Ceccato et al.2001; Lenney et al. 
1996). 
NDVI has been used by a massive number of author’s for different applications as well. One 
application would be to show the relationship between built environment characteristics and 
NDVI as a indicator of surrounding greenness. In a related study, Gascon et al (2016) noted 
that it is important to understand what the NDVI means in a particular area of study. The 
authors made use of NDVI maps as well as the land use and land cover maps to define factors 
of built environment that explains NDVI. The results for this study showed that NDVI can be 
a very useful greenness metric depending on the hypothesis of the study. 
This vegetation measurement has also been used in calculating or mapping vegetation 
dynamics using time series analysis of certain study areas (Detsch et al. 2016; Tian et al. 
2016; Martínez & Gilabert, 2009). The studies that have been conducted included drylands as 
well. Tian et al. (2016) evaluated vegetation optical depth (VOD) using AVHRR NDVI and 
in situ green biomass over West African Sahel for vegetation dynamics. The authors noted 
that the VOD has proven to be efficient for green biomass in all types of vegetation, which 
included herbaceous vegetation and woody vegetation (Tian et al. 2016). Detsch et al. (2016) 
also conducted a study on vegetation dynamics using time series analysis where images from 
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1982 to 2011 were used. The results showed that the NDVI record that was used proved to be 
capable of capturing long-term and seasonal vegetation patterns.  
NDVI has also shown usefulness in measuring precipitation (Birtwistle et al. 2016). 
Birtwistle et al (2016) used Normalized Difference vegetation index from Landsat imagery to 
estimate precipitation. The author used NDVI values for 26 years of before and after rainfall 
season to determine the change. The study noted that the change in NDVI from pre to post- 
rainfall season image explained high percentage of variance in annual monsoonal 
precipitation totals from a nearby rain-gauge. It was also noted that NDVISs are also useful in 
determining when and where the flow events happen. With all the uses of NDVI, it becomes 
significant to utilize NDVI as a vegetation indicator and as a method for change detection 
calculations. 
2.6.2. Image classification 
Remote sensing imagery offers a unique opportunity in determining land use and land cover 
change information through the process of image interpretation and classification (Li et al. 
2014). Classification is a process of assigning pixels into different classes depending on the 
reflectance of the object being classified. Classifications are based on the statistical methods 
such as Minimum Distance-to-Mean (MDM), Maximum likelihood classification (MLC) and 
Linear Discrimination Analysis (LDA) (Paradhan et al. 2010). Ayhan (2010) noted that major 
steps in image classification may include determining the most suitable classification 
methods, Training samples, feature extraction, image processing, and selection of suitable 
classification approaches as well as post classification processing. How well a classification 
works maybe is determined by the accuracy assessment. 
2.7.Change Detection 
Change detection in remote sensing can be defined as a measure of changes associated with 
land use as well as land cover (Lu et al. 2004; Ramachandra & Kumar, 2004). Change 
detection is a method used in identifying change between two or more dates that is 
uncharacterised of normal variation. This method of identifying change is useful in many 
applications including environmental changes.   
NDVI is being used widely for change detection. NDVI change detection technique uses the 
initial and the final state image to produce a change detection difference map. This technique 
is referred to as NDVI differencing. This technique is more like any other technique of 
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change detection, however this methods minuses the old NDVI image from the newest 
image. The subtraction is based on the pixel values. NDVI Differencing is formulated as: 
NDVI Differencing = NDVI𝑛𝑒𝑤 – NDVI𝑂𝑙𝑑 
NDVI𝑛𝑒𝑤 refers to the NDVI results for the image acquired after the floods and NDVI𝑂𝑙𝑑 
refers to the NDVI results that were generated using the image acquired before floods. 
Gandhi et al (2015) used the NDVI to present an improved change detection method for 
analysis. The authors used NDVI Differencing as a method of analysis. The results showed 
that NDVI is very useful in detecting changes within the surface features of a visible area. 
The study noted that the NDVI method gives greater results for vegetation changing in 
densities and also for scattered vegetation using multi-spectral remote sensing. Ahmad (2012) 
also noted on the change detection using NDVI that, advantages of NDVI based change 
detection it gives robust results and that it covers large areas as well.  
2.8. Summary 
This chapter comprises of the detailed definition of floods as well as their impacts on 
vegetation cover. It comprises of detailed literature on how remote sensing is used to tackle 
the objectives at hand. From the literature, it is evident that the methods presented are 
efficient in achieving the objectives that are mapped out for this study. This includes the use 
of indices and well as classification methods.  
The following chapter (Chapter 3) will include the detailed specific methods that were used 
for the successful results of this study. The chapter includes the data used and the sources of 
the specific data as well as the methods of analysis for the acquired data and how each 
method was used to attain the results.  
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Chapter 3 
Methodology 
 
3.1.Data Sources 
Sources of data refer to the origin of the data that were utilized in this study in order to fulfil 
the objectives of this study. Sources of data in this case include Satellite data as well as field 
data. A detailed description for each data acquired is provided in the sections outlined below. 
This study has utilized two data sources which are the satellite data as well as collected field 
data. 
3.1.1. Satellite data 
Remote sensing satellite data has become a very important technique in monitoring and 
evaluating  land cover changes at low cost (Rawat & Kumar, 2015). To fulfil the main aim of 
this research, satellite data was obtained from different providers. World View-2 as well as 
Landsat 7 ETM+ images were used.  
3.1.1.1.Worldview 2 (WV2) 
World View 2 (WV2) imagery was used for this study to map the common vegetation species 
in the study area. WV2 was launched in 2009 and it has very high resolution with 
panchromatic resolution at 50cm as well as the multispectral resolution of 2m. WV2 was 
used for this study for the reason that it has remarkable improved resolution which for this 
study can be used for better vegetation species identification. The image that was used for 
this study was acquired on the 5th of August 2014. This image was provided by digital globe 
with no charges. The following table (Table 1) shows general designated bands for this 
satellite imagery.  
Table 1: Worldview-2 designated bands 
Spectral Bands Wavelength min - max (µm) 
Panchromatic 450 - 800 nm 
Costal blue 400 - 450 nm 
Blue 450 - 510 nm 
Green 510 - 580 nm 
Yellow 585 - 625 nm 
Red 630 -690 nm 
Red edge 705 - 745 nm 
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NIR 1 770 - 895 nm 
NIR 2 860 - 1040 nm 
3.1.1.2. Landsat Data 
To map flood extent Landsat ETM+ imagery was acquired. These data was downloaded from 
the USGS website (https://earthexplorer.usgs.gov/) at no cost. Landsat data was chosen for 
the reason that it supports a range of applications in areas such as global change research, 
environmental monitoring, land cover mapping, resource management, water, as well as 
coastal studies over a long period and with a forthright frequency. Landsat 7 ETM+ that was 
launched in 1999 was used for the 2000 flood event. The Landsat 7 ETM+ SLC-off was used 
for the 2013 flood event and the Landsat 7 ETM+ was used for the 2000 flood event. The 
images that were selected are listed in table 2. 
Table 2: Selected images for the study 
Flood events  Before Floods After floods 
 Acquisition date Sensor type Acquisition date Sensor type 
February 2000 17 September 
1999 
ETM+ 23 April 2000 ETM+ 
January 2013 04 December 
2012 
ETM+ 27 April 2013 ETM+ 
 
The Landsat 7 ETM+ has 8 designated spectral bands with a spatial resolution of 30m and 
panchromatic band with 15m spatial resolution. The band specification for the Landsat 7 
ETM+ imagery is outlined in table 3 below.  
Table 3: Landsat 7 ETM+ designated bands  
Spectral bands Wavelength min - max (µm) 
Band 1 - blue   0.45 - 0.52 
Band 2 - green   0.52 - 0.60 
Band 3 - red   0.63 - 0.69 
Band 4 - Near Infrared   0.77 - 0.90 
Band 5 - Short-wave Infrared   1.55 - 1.75 
Band 6 - Thermal Infrared   10.40 - 12.50 
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Band 7 - Short-wave Infrared   2.09 - 2.35 
Band 8 – Panchromatic 0.52 - 0.90 
3.1.2. Field data 
 Field data collection was carried out within the study area. The field data include the 
vegetation species identification and acquiring ground truthing points using GPS coordinates. 
The fieldwork was carried out from the 10
th
 to the 13
th
 of February 2017. A purposive site 
selection method was used to acquire the mentioned GPS points as well as the identification 
of the common tree species. A handheld Garmin GPS was used to collect a number of points 
to use as reference when classifying the vegetation species using the Worldview2 image. 
From the field observation, the study area has a number of vegetation species that are 
common. With each species observation, a GPS point was taken. The points collected with 
the GPS were used to identify/classify the common vegetation species within the study area 
along with the satellite imagery data (WV2 image) that is mentioned in this chapter. The 
main vegetation species types identified in the field were 7, including three different types of 
acacia trees and the mopane, which are the most common woody species in the area.  The 
GPS points were collected along the river as well as in the Venetia Reserve, to the South east. 
The map below (Figuere 5) is showing sites where the GPS points were collected. A total 
number of 79 GPS points were taken for all the tree species. The table (Table 4) below shows 
the number of points taken for each tree species.  
 
 
 
 
Table 4: Tree species as well as the number of GPS points taken for each tree species 
Tree species GPS points 
Acacia Erubescens 13 
Acacia Senegalia 13 
Acacia Tortilis 7 
Colophospermum Mopane 23 
Stuhlmanni Terminalia 8 
Ficus Sycomorus 6 
Croton Megalobotrys 9 
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Figure 5: Map showing the location of GPS points collected in the field 
3.2.Methods  
3.2.1. Pre-Processing 
Pre-processing was carried out for the correction of any possible distortions within the 
imagery data as well as for the preparation of the image analysis. The images for before and 
after the flood events were all subset in order to give the study a specific focus on the 
confluence area as well as the small portion of the surrounding areas.  
Radiometric calibration was carried out to remove atmospheric noise in order to present data 
that accurately presents ground conditions (Montanaro et al.2014). This process was carried 
out using the function ‘Radiometric Calibration’ on ENVI Software. Atmospheric corrections 
were also carried out using the ENVI FLAASH atmospheric correction method. The 
FLAASH is an atmospheric correction method that modifies the wavelengths in the visible 
through near-infrared as well as the shortwave infrared regions (Berk et al. 2002). These 
processes were performed for all the Landsat 7 images as well as the WV2 image. 
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3.2.2. Mapping vegetation species using WV2 imagery  
To map vegetation species, WV2 image was classified using Maximum Likelihood 
classification algorithm. The Maximum Likelihood classification algorithm is a classification 
algorithm that is pixel based. The classifier classifies according to the likelihood that a pixel 
fits within a particular class and takes variability of classes into account by using covariance 
matrix (Asmala, 2012). The training sites are used to provide spectral cluster of different 
vegetation species. The following table (Table 5) shows training sites that were generated as 
well as the test data used for accuracy assessment. The table below also shows the number of 
classes that were used as well as tree species that were classified for this study. Two 
independent data sets were used one for training and one for testing. For the testing data, the 
field ground truth data was used. 
Table 5: Maximum Likelihood Classification data 
Class name Independent Training sites Independent Test sites 
Water 179 30 
Acacia Senegalia 25 20 
Acacia Tortilis 35 20 
Croton Megalobotrys 30 15 
Ficus Sycomorus 35 23 
Acacia Erubescens 30 26 
Mopane 106 30 
Stuhlmanni Terminalia 29 22 
Bare Soil/Built-up 134 20 
Cultivated land 147 28 
Other Vegetation types 131 41 
 
3.2.3. Mapping Land cover types using Landsat 7 ETM+ 
Supervised classification in this study was used to determine change in vegetation within the 
study area in the periods before and after the two flood events. The Maximum Likelihood 
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classifier was used for the Landsat 7 to classify the image into five classes that include water, 
bare soil, cultivated land, dense vegetation as well as light vegetation. The training and the 
test sites were created for both the supervised classification as well as the accuracy 
assessment. For both training and test data, onscreen digitizing of classes was used. Change 
detection statistics method was used to monitor change in vegetation between the initial state 
capture and the final state capture. This method was only utilised for the images classified 
using the supervised classification indicated above. NDVI was also used to monitor change in 
vegetation before and after floods. 
3.2.3.1.Normalized Difference Vegetation Index (NDVI) 
NDVI was used in this study to monitor vegetation cover change using the above mentioned 
Landsat data that was downloaded. Mapping and classification of vegetation is an essential 
task as vegetation plays a significant role in defining most of the landscapes (Ahmad, 2012). 
The Normalized Difference Vegetation Index (NDVI) is a remote sensing measure for 
vegetation greenness and it is related to the structural properties of plants. Variety of 
vegetation changes can be analysed using NDVI time series (Forkel et al. 2013). The NDVI 
uses the visible and the Near Infrared bands on the electromagnetic spectrum. The NDVI 
values are calculated by the formula:  
NDVI= (NIR-RED/NIR+RED) 
The NDVI values are presented as a ration ranging from -1 to +1, though most (–) values 
represent water and the other values that are within the negatives represent soil/built up. The 
difference between the NDVI values for before and after floods determined the positive as 
well as the negative changes.  
3.2.3.2.Accuracy Assessment 
Accuracy assessment was performed after the classification of different vegetation species 
using the satellite data as well as the test sites data that were digitized. The test data that was 
used is shown in the table above (table 5) along with the training sites. Accuracy assessment 
is considered to be the degree of closeness of the acquired results to the accepted values as 
true (Zăvoianu et al. 2004). Accuracy assessment of a classified satellite images is an 
important step in image classification. The quality of a produced map is determined by its 
accuracy (Forkuo & Frimpong, 2012). Accuracy assessment of the resulting classification 
image can be described by using both the procedures and user’s accuracy. When it comes to 
the procedures followed accuracy may be described by the amount of landscape categories 
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correctly classified on the image. On the other hand user’s accuracy describes the probability 
that the class will be correct when correlated to the ground. The user accuracy and the 
procedure accuracy maybe represented using the error matrix. The sources of error may arise 
from remotely sensed data quality, training and test dataset, Algorithms and Atmospheric 
conditions (Busch, 2002). Accuracy assessment was performed from the resulting supervised 
classification images for both the World View2 classification as well as the Landsat images 
classification. This was done to observe the quality of the classifications and to determine the 
error from the classified images. The techniques that are developed for accuracy assessment 
take in to consideration the sources of errors in the images. Accuracy was performed using 
the test data that was created for all the classified images including the Worldview2 image. 
The confusion matrix using test Regions of Interest (ROIs) on ENVI Software was used in 
this case and the overall accuracy was represented on the following chapter.   
3.2.3.3.Change detection 
Change detection is an important application of remote sensing technology for understanding 
the relationships and interactions between humans and natural phenomenon in order for 
decision making to be possible (Xu et al. 2009). Digital change detection essentially 
comprises of the quantification of temporal phenomena from multi-date imagery. On change 
detection methods, Coppin & Bauer (1996) noted that the selection of the appropriate 
methods is of significant importance. Most digital change detections are based on per-pixel 
classifiers and change information contained in the spectral-radiometric domain of the 
images. (Lu et al (2004) on a study that explores all change detection techniques noted that, 
despite factors affecting the selection of the change detection techniques, image differencing, 
Principal Component Analysis and post-classification are the most commonly used. Landsat 
data has also been widely used for the change detection techniques. In a study of the analysis 
of land use change and human impacts, Zhou et al (2011) investigated two categories for land 
cover change which were, categorical change using image classification and quantitative 
change using vegetation index. Both the results of these change detection techniques worked 
out successfully.  
In this study Change Detection Statistics method was used for all the images before and after 
floods. This was done in order to detect changes in vegetation within this area after the 
floods. The main purpose for this was to determine areas where there has been an increase in 
vegetation (positive change), decrease (negative change) as well as the areas of no change. 
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The results were presented in a map that is shown within the results chapter. The images that 
were used were the classified images from before and after floods.  
3.2.3.3.1. Change Detection Statistics Method 
Change detection statistics tool is a post classification statistical technique that is done using 
images of different times to determined changes in classes within the two images. Change 
detection is performed not only to detect changes within the classes understudy but also to 
identify the nature of those changes as well as to determine the extent and the spatial pattern 
of those changes (Kafi et al.2014). The two images for each flood event were independently 
classified. The classification was done using 5 classes that are; Water, Light Vegetation, 
Dense Vegetation, Cultivated land as well as cultivated land. The change detection statistics 
method was performed as post classification process to determine changes within the area 
under study. By using the change detection statistics method, the matrix table showing the 
initial state to the final state change was obtained. The change detection statistics tool that 
was used was performed on the ENVI software. The results are shown on the next chapter 
and they are presented on the matrix table in percentages. 
3.2.3.3.2. NDVI Differencing Method  
Change detection was for before and after images was also done using the NDVI 
Differencing method. First, NDVI was calculated for all the images then the resulting images 
were then used for change detection. The NDVI Differencing method is calculated using the 
equation: 
NDVI Differencing = NDVI𝑛𝑒𝑤 – NDVI𝑂𝑙𝑑 
The resulting NDVI images were subtracted to determine the positive as well as the negative 
change. The NDVI Differencing resulting image was then reclassified into 5 classes using a 
threshold method. The classes were classified as more increase, less increase, no change, less 
decrease as well as more decrease. 
3.2.4. Mapping flood extent using Water Indices 
3.2.4.1.Normalised Difference Water Index (NDWI) and the Modified Normalised 
Difference Water Index (MNDWI) 
For flood extent delineation, NDWI as well as MNDWI water indices were used. Images that 
were used to achieve this were the same images that were used for vegetation change 
detection for this study. The images for the period of floods were not available and others had 
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cloud cover therefore, the results are presented using the same images. The NDWI and the 
MNDWI were tested to determine which index captures water the best between the two. The 
NDWI water index uses the equation, NDWI= (Green-NIR)/ (Green+NIR) whereas the 
MNDWI uses MNDWI= (Green-MIR)/ (Green+MIR). The indication of water for these 
indices is considered to be positive as its calculation like the NDVI is also represented by 
negative to positive values ranging from -1 to +1. NDWI was developed primarily to 
delineate water bodies and enhance its presence in remote sensing data, while simultaneously 
eliminating soil and vegetation features (Hui, 2008). The MNDWI extract water features 
while suppressing errors that may be derived from built up land as well as vegetation and 
soil. MNDWI was used to present the results as it presents better results than the NDWI.  The 
thresholding method was used to delineate areas with water and areas that do not represent 
water. Threshold value of 0.2 was used for all the MNDWI resulting images. The threshold 
values can be adjusted depending on different studies (McFeeters, 1996). 
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Chapter 4 
Results 
4. Vegetation Species classification 
The vegetation in the study area was classified using the WV2 image as well as the field data 
to acquire better results. The results for the classification using the Maximum Likelihood 
classification are presented in figure 6 below as well as the confusion matrix results (Table 6) 
in order to determine its accuracy.  
 
Figure 6: Vegetation classification of the Shashe-Limpopo Confluence area using WV2 and 
Maximum Likelihood Classification Algorithm 
During the field visit,  most common tree species were identified and notes were made of the 
other vegetation types present in the area (cultivated trees, grassland, etc.). The classification 
was based on 7 tree species plus a general ‘other vegetation’ class and cultivated land. The 
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results show that the most dominant species in this area includes three types of Acacia trees 
(acacia tortilis, acacia erubescens and acacia senegalia), colophospermum mopane, 
Stuhlmanni Terminalia, as well as the Ficus trees and the Croton Megalobotrys along the 
river/confluence edges. However, approaching the riverside more of the acacia trees, the 
Ficus as well as the Croton Megalobotrys trees are more visible than the Mopane trees.  
The results also show a clear distribution of the acacia trees. The distribution of the acacia 
tree species is all over the study area; however more acacia trees are recognised more on the 
Northern side of the confluence which is the Zimbabwe side as well as in Botswana. The 
acacia trees are also widely distributed in areas where the mopane trees are dominant. The 
floodplains are also characterised by some agricultural activities which are presented above 
and are mostly found along the river. 
Table 6: Confusion Matrix for validation of the tree species classification. Note: W=Water, AS= 
Acacia Senegalia, AT= Acacia Tortilis, CM= Croton Megalobotrys, FS= Ficus Sycomorus, AE= 
Acacia Erubescens, M= Mopane, ST= Stuhlmanni Terminalia, BS/BU= Bare Soil/Built-up, CL= 
Cultivated Land, OVT= Other Vegetation Types.   
Overall Accuracy = 78.8942%   
Kappa Coefficient = 0.6814 
Class W AS AT CM FS AE M ST BS/BU CL OVT Total 
Unclassified 0 0 0 0 0 0 0 0 0 0 0 0 
W 6869 0 0 0 0 0 0 0 0 0 0 6869 
AS 5 51 5 0 0 12 5 6 22 32 52 190 
AT 12 0 31 3 9 0 15 7 0 68 115 260 
CM 5 0 0 81 26 1 15 5 0 446 309 888 
FS 0 0 0 5 90 0 3 17 0 353 171 639 
AE 1 5 4 5 4 19 16 1 1 33 72 161 
M 1 3 13 3 1 8 97 3 4 230 88 451 
ST 27 0 3 5 4 4 2 25 2 17 33 122 
BS/BU 1 2 0 0 0 0 0 0 1948 0 0 1951 
CL 0 0 0 2 3 0 0 1 0 573 10 589 
OVT 118 4 5 24 5 10 18 3 2 151 219 559 
Total 7039 65 61 128 142 54 171 68 1979 1903 1069 12679 
 
The accuracy for the classified WV-2 image is shown in the table above (table 6). The overall 
accuracy obtained using the test data set is 78.8942% with a Kappa Coefficient of 0.6814. 
The accuracy above shows the number of sampled pixel for each class as well as the number 
of pixels that were classified correctly and those that were classified incorrectly. In the above 
table, it can be noted that the classes that have the highest accuracy are water as well as the 
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Bare Soil/Built-up classes. The numbers of pixels that are incorrectly classified the most are 
that of the classes that represent vegetation. Most of the classified vegetation shows 
misclassification to ‘cultivated land’ as well as other types of vegetation classes. The class 
‘other vegetation types’ represent a lot of different types of vegetation which may have 
similar spectral signatures as the identified tree species hence the misclassification of most of 
the tree species to this class. The overall accuracy that is presented for all the classes is shown 
as high (78.8942%) which is part of positive results in terms of Accuracy assessment. 
4.1.Flood extent mapping for the Shashe-Limpopo Confluence area 
To evaluate the extent of the flooding events under study, available Landsat images were 
used to develop MNDWI index which is used to identify open water. The results below show 
the MNDWI before floods as well as after floods. The threshold value that was used to 
generate water extent for this study is 0.2. Most studies that have presented the above 
mention index have used values ranging from 0.2 or 0.25 with maximum values ranging from 
0.5 to 0.6 (Li et al. 2013). Determining threshold values is essential for every study; however 
the threshold values need to be adjusted for every case in order to obtain better results 
(McFeeters, 1996; Li et al. 2013). Using the MNDWI threshold of 0.2 for all the images, a 
map which is classified by areas with water and non-water was derived in different times 
(before and after the floods for both the events). Comparison between the NDWI and the 
MNDWI were done using the threshold value of 0.2. Using the pixels that were derived from 
the images, the tables below (Table 7a and 7b) shows the differences in results between two 
indices when it comes to mapping water and non-water features.  
Table 7: NDWI (a) and MNDWI (b) water and non-water features indicated using before and 
after images. 
NDWI Index (12 September 
1999) 
(23 April 2000) (04 December 
2012) 
(27 April 2013) 
Water features 3372 24914 3423 6410 
Non-Water 
features 
Total 
3734565 
 
3737937 
3713023 
 
3737937 
3734514 
 
3737937 
3731527 
 
3737937 
a) 
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MNDWI Index (12 September 
1999) 
 (23 April 
2000) 
 (04 December 
2012) 
 (27 April 2013) 
Water features 3859 35326 3667 8820 
Non-water 
features 
Total 
3734078 
 
3737937 
3702611 
 
3737937 
3734270 
 
3737937 
3729117 
 
3737937 
b) 
From the tables presented above the MNDWI index has shown more pixels as water 
compared to the NDWI. Evidently, MNDWI’s accuracy in mapping water features correctly 
is higher than that of NDWI. The reason for this is that MNDWI maps water features while 
suppressing spectral interferences from built-up areas, vegetation as well as soil as compared 
to NDWI (Xu, 2006). With NDWI the water that this index extracts is either overestimated or 
underestimated because of the mixture of water areas with built-up and other classes, hence 
the use of MNDWI to map the flood extent. MNDWI from the results presented has shown 
that it has a great efficiency in mapping water as compared to the NDWI.   
With evidence that the MNDWI is best suitable in showing water features, the results in this 
study are represented using the MNDWI index. Table (7b) above is showing the number of 
pixels available as water and non-water features for each durationtion (before and after floods 
for both the events). To achieve these results, the binary thresholding theory was used to 
discriminate between water and Non-water features. The table above was generated using 
pixel count that is possibly showing water according the threshold value of 0.2 in all the dates 
of image capture. The results from the index as well as the binary threshold are represented 
with the maps below.  
4.1.1. Mapping the flood extent using MNDWI Index 
 
4.1.1.1. The 2000 flood event
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a 
b 
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Figure 7: Water extent for the 2000 floods using Modified Normalized Difference Water Index. Note: a-b (before floods; c-d (After floods) 
 
c d 
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The MNDWI index was used to obtain the results presented. This index like most indices also 
represents the threshold values from -1 to +1. With regards to the above (Figure 7), the maps 
derived from the MNDWI results are showing that the time before the flood affected this 
area; the area was very dry with reference to the amount of area covered by water features. 
The maps are showing that at the time the image was taken, there were fewer water features. 
The pixels were derived by using the Binary thresholding method using the value 0.2 as a 
representation of water. 
With reference to the above results figure (Figure 7) there is a clear indication that between 
the first image capture which was captured on the 12th of September 1999 and the image 
captured a month after floods, the areas indicated as water features have increased. From the 
results acquired, it is evident that the index mapped a few areas with visible water features. 
The areas that are mapped are marked in the generated binary maps above as water features. 
However using this index, accurate flood extent mapping cannot be expected. This is 
because, most of the water indices mostly map open water features. From the results, the 
index presented has shown efficiency in mapping water features instead of the expected flood 
extent. 
Figure 7(a), the index is showing classification of most non-water features with high values. 
From the results, the non-water features are shown as the colour that is meant to represent 
water features classification. However, the threshold for these non-water features is show to 
be on the negative threshold. This shows that this  index had a mix when classifying the water 
and non-water features. Comparing the results shown above (Figure 7a) with that of the 
NDWI, the MNDWI showed a lot of improvement when it comes to better classification of 
water and non-water features.. The reason why this index showed this pattern is that of  a mix 
up in spectral reflectance where non-water features are mixed with water features. However 
in this case, non-water features have negative values. The only mix up was with their 
reflectance. This can be fixed by examining the features to remove the noise that is causing 
this mix up.   
 
4.1.1.2. The 2013 flood event 
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Figure 8: Water extent for the 2013 floods using Modified Normalized Difference Water Index. Note: a-b (before floods; c-d (After floods) 
c d 
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The results that are represented above show a representation of the 2013 floods. The results 
were acquired using MNDWI index as well. The water and non-water features results were 
also derived from using the threshold value of 0.2. The image captured before the floods, 
shows that the area had less water features as compared to the image captured more than a 
month after (27 April 2013) the area had been affected by the floods. The threshold method 
as well as the MNDWI maps shows a clear indication of water and non-water features. The 
MNDWI index shows the results with values ranging from +1 to -1. The water features are 
represented with the higher values ranging from 0.2. 
The image before the floods shows more areas with lower values or dry areas whereas the 
image after the flood shows more moist areas. Though the index does not necessarily map the 
extent of the floods, it is evident that between the time of first image capture and the last 
image capture there has been an increase in water features. 
The MNDWI shows areas that have water features for both the flood events even though it 
has limitations in terms of correctly delineating the flood extents. With the limitations that 
this index has, the difference between the 2000 flood event and the 2013 event is very visible 
looking at the amount of water that occupies the areas within both the events. The 2000 flood 
event visibly shows more water features than the 2013 flood event. With this kind of 
information a conclusion can be drawn without any form of quantification that the 2000 flood 
event has been shown to be more intense than the 2013 flood event.   
4.2.Vegetation analysis using NDVI  
Vegetation changes results are represented in this section. To determine the changes before 
and after the floods, the NDVI calculations were obtained for all the dates before and after 
floods. The NDVI Differencing technique is also presented as a technique for change 
detection for the NDVI results. The results are clearly indicated using NDVI maps below for 
all the images (before and after). The lowest as well as the negative NDVI values from the 
results are found to represent sand/bare soil, built up, water as well as dry vegetation.  Figure 
9 as well as Figure 10 which are a representation of vegetation using NDVI calculations 
before and after the two floods, show variation in NDVI values for each image. The 
vegetation change detection results are also presented in this section using Maximum 
Likelihood Classification as well as the Statistical change detection method for both flood 
events understudy. 
4.2.1. 2000 flood event NDVI 
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Figure 9: Maps showing NDVI for before and after the 2000 floods NDVI
a b 
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Normalized Difference Vegetation Indices (NDVIs) for the 2000 floods were computed. The 
figures above (Figures 9a, 9b) show the NDVI values represented in a map form for the 
images that were acquired before and after the floods. From the results shown above, the 
NDVI for the image taken before the floods (12 September 1999) shows clear indication of 
vegetation values ranging from the lowest value of 0.2. Values that are represented by the 
NDVI as starting from 0.2 and 0.3 are shown to be the representation of what may be dry or 
woody vegetation as well as grassland with values greater than 0.4 representing very high 
dense vegetation. The indication of vegetation is shown in green and it shows that for the first 
flood event, the initial state which is the image captured before the heavy rain started (12 
September 1999), vegetation was not healthy. In the map showing the initial state of the 2000 
floods there is low reflectance of green and more orange (non-vegetated/unhealthy 
vegetation) which mostly is an indicator of high reflectance of soil.  
The image after the 2000 flood event was captured a month after the event occurred and the 
resulting vegetation map is also presented above (9b) as the image captured on the 23
rd
 of 
April 2000. The results show that vegetation at this time was much healthier as compared to 
the initial state which is the image captured before floods. The results evidently show that 
there are more areas with much higher NVDI threshold as compared to the image before 
floods.  
4.2.2. 2013 flood event NDVI 
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Figure 10: Maps showing NDVI for before and after the 2013 floods NDVI  
a b 
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The results shown above (Figure 10a, 10b) are also showing the NDVI representation for the 
reported 2013 floods. The image for before the floods was captured on the 04
th
 of December 
2012, less than a month before the floods. The image after the floods was captured on the 27
th
 
of April 2013. It has been recorded that when there is a decrease in soil water, the green in 
vegetation tend to decrease and the values of NDVI decreases as well. This may explain the 
results above, more especially the NDVI results for the image captured before the floods. 
From the maps presented above, it is evident that before carrying out any change detection 
techniques that the vegetation has increased greatly immediately after the floods.  
 It is evident that there is an increase in positive NDVI values between the initial and the final 
state of capture. The increase in NDVI values is a representation of healthier vegetation. 
However, some of the areas that were reflecting green before are reflecting orange. The areas 
that are mostly showing a great decrease on the amount of green are the cultivated areas or 
farming areas. This however does not give clear indication of the cause of the decrease within 
these areas.  
4.2.3. NDVI Differencing 
The change detection calculation results for the 2000 as well as the 2013 flood events are 
presented in figures 11 and 12 below. 
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Figure 11: NDVI Change Detection for the 2000 flood event 
The image above (figure 11), Shows the NDVI change detection results for the images 
between the 12
th
 of September and after the floods which is the 23
rd
 of April. The findings 
show that during the period from the first date to the second date of capture, the area has 
experience some increase in vegetation compared to the initial state of image capture. The 
meaning of this is that, there were very few vegetated areas before floods as compared to 
vegetation cover captured right after floods in April. The above NDVI Differencing results 
are represented using 5 classes which are, more increase, less increase, no change, less 
decrease as well as more decrease. The results show that there are more areas with vegetation 
that has slightly increased as presented by the ‘less increase’ class. The areas with more 
decrease especially in vegetation are shown as cultivated or agricultural areas.  
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Figure 12: Change Detection for the 2013 flood event  
The image above represented by figure 12 shows the NDVI Differencing results for the 
before as well as the after the 2013 flood images. From the results shown above, it is clear 
that between the initial state of capture and the final state of capture there has been more of 
the ‘Less increase’ than any other class. These results are showing that there is a less positive 
change in vegetation as compared to the NDVI Difference map for the 2000 floods. The 
vegetation that has increased more has been shown as that which was classified as ‘Light 
vegetation’. The results are simply showing that there are more areas that have developed 
vegetation that did not have any vegetation seen in the initial state of capture. The results also 
show that other areas where there was more vegetation there is much lighter vegetation or no 
vegetation at all in the image of the final capture. 
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4.3.Change detection using Classification 
To support the NDVI results, change detection for supervised classification images was done 
using change detection statistics. The maps below show a representation of the classification 
results for before and after the floods of both the 2000 as well as the 2013 events. 
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Figure 13: MLC results for the image after the 2000 floods. a) Image before floods, b) Image after floods.  
a b 
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The results shown above are the representation of the classification using the images before 
and after floods. The images are classified using 5 different classes which are Water, 
Cultivated land, dense vegetation, Light vegetation as well as bare soil. The study puts more 
interest on the vegetation which in this case is represented using the two classes which are 
dense and light vegetation. The reason for this is that, using Landsat Imagery it is complex to 
determine the type of vegetation that covers the area. Dry vegetation, burnt vegetation as well 
as any sparse vegetation is represented using the class Light vegetation whereas much 
healthier as well as the much more assembled vegetation is represented using the class Dense 
Vegetation.  
The above classified images shows somewhat changes as compared to the before image. It is 
clear that there is more increase in vegetation than decrease in vegetation. The changes 
between two images are also visible looking at the table presented for statistical change 
detection (Table 9). 
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Figure 14: MLC results for the image after the 2013 floods. a) Image before floods, b) Image after floods. 
a b 
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From the results above it is evident that vegetation tends to be denser along the river side and 
as the area extends outwards the vegetation becomes more scattered and may be reference to 
as light vegetation. It is also evident from the maps presented above with regards to the 2000 
flood event that the changes from the before and the after image has changed in a positive 
way or most of the vegetation has increased from the initial state of capture. The 2013 floods 
had somewhat changes. However the changes during the 2013 flood event were not as 
excessive as those from the initial flood event which is the 2000 event. 
4.3.1. Change Detection Statistics 
Using change detection statistics on ENVI, the following tables below were derived in 
percentages with reference to changes that have occurred during the initial state of capture 
and the final state of capture for both the flood events. The change detection statistics show 
the image difference of all 5 classes used for the classification as shown in the maps above 
(figure 13 and 14). 
Table 8: Change detection statistics results in percentages for the 2000 floods 
Year Initial State (12 September 1999) 
F
in
al
 S
ta
te
 (
2
3
 A
p
ri
l 
2
0
0
0
) 
Percentages      
Class Water Cultivated land Dense 
Vegetation 
Bare Soil Light 
Vegetation 
Water 82.31 0.94 1.379 3.88 0.089 
Cultivated 
land 
3.23 28.85 12.745 24.33 6.311 
Dense 
Vegetation 
0.19 15.64 70.536 1.66 6.72 
Bare Soil 0.48 7.14 0.714 22.97 2.779 
Light 
Vegetation 
13.78 47.43 14.626 47.17 84.1 
Class Total 100 100 100 100 100 
Class 
Changes 
17.69 71.15 29.464 77.03 15.9 
Image 
Difference 
350.90 138.07 207.974 -58.03 -5.062 
 
As presented in table 8 cultivated land which represents the vegetation in farmlands has had a 
71.15% change before and after the floods. The change detection results is showing that from 
the initial state of capture to the final state of capture, the cultivated land class has changed 
greatly to the class light vegetation (by 47.43%) and has also changed to dense vegetation by 
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15.64%. The cultivated land class has also changed to other classes such as bare land and 
water by a small fraction (7.14%; 0.94% respectively) 
One class that is also of great interest is presented as dense vegetation. According to table 8 
which is a representation of change detection percentages for the 2000 flood event, the class 
dense vegetation has had a class change of 29.464%. More change on the Dense vegetation 
has been to Light vegetation which is by 14.626% as well as cultivated land with a 
percentage of 12.745% 
The other class which is of great interest is classified as light vegetation. This type of 
vegetation for our study includes dry vegetation, burnt vegetation as well as any sparse 
vegetation. Light vegetation in table 8 is shown as having a class change of 15.9% which 
compared to the other vegetation types is the lowest change. Part of the change is shown in 
the mentioned table as cultivated land as well as dense vegetation (6.311%; 6.72% 
respectively). 
Table 9: Change detection statistics results in percentages for the 2013 floods. 
Year Initial State (04 December 2012) 
F
IN
A
L
 S
ta
te
 (
2
7
 A
p
ri
l 
2
0
1
3
) 
Percentages      
 Water Cultivated 
land 
Dense 
Vegetation 
Bare Soil Light 
Vegetation 
Unclassified 0 0 0 0 0 
Water 38.792 1.272 1.074 0.406 0.605 
Cultivated 
land 
26.939 17.693 28.111 0.915 1.705 
Dense 
Vegetation 
2.895 2.481 34.163 0.027 0.13 
Bare Soil 10.198 24.691 2.42 52.063 19.337 
Light 
Vegetation 
21.176 53.863 34.232 46.589 78.223 
Class Total 100 100 100 100 100 
Class 
Changes 
61.208 82.307 65.837 47.937 21.777 
Image 
Difference 
120.388 -46.536 -56.319 -15.384 17.11 
 
The results which are represented by table 9 are showing change detection statistics in 
percentages for the 2013 flood event. As presented in the table cultivated land is showing an 
82.308% of class change. More than 10% change as compare to the cultivated land for the 
2000 flood event. The cultivated land for the year 2013 is showing to have changed more to 
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Light Vegetation by a percentage of 53.863%. More of the cultivated land has changed 
mostly to Bare Soil by 24.691% with dense vegetation only covering the cultivated land 
change of 2.481%. 
The dense vegetation class has also changed greatly as compared to the 2000 flood event. The 
class change is shown as 65.837% double the change of the 2000 flood event. This type of 
vegetation has shown change to light vegetation (by 34.232%) as well as Cultivated land by 
the percentage of 28.111%. Water as well as bare soil classes covers the rest of the class 
change which is 1.074% and 2.42% respectively. 
Light vegetation class has also shown some changes as shown in the table 9. The class 
change is shown in percentage as 21.777%. This class is also showing more change as 
compare to the 2000 flood event. The class is shown to have change greatly to bare soil with 
a percentage of 19.337%. Another change is shown of 1.705% to cultivated land. Water as 
well as dense vegetation is not showing much change as it is showing coverage of only 
0.605% and 0.13% respectively.  
Table 10: Change Detection Statistics results in Percentages between the two images captured before 
the two flood events. 
Year Initial State (12 September 1999) 
F
in
al
 S
ta
te
 (
0
4
 D
ec
em
b
er
 2
0
1
2
) 
Percentages      
  Water Cultivated land Dense 
Vegetation 
Bare Soil Light 
Vegetation 
Unclassified 0 0 0 0 0 
Water 40.773 2.139 2.451 0.145 0.084 
Cultivated 
land 
1.156 29.645 15.719 3.43 4.481 
Dense 
Vegetation 
0.974 6.663 50.114 0.165 0.992 
Bare Soil 56.184 39.052 1.77 81.354 30.26 
Light 
Vegetation 
0.913 22.503 29.945 14.906 64.183 
Class Total 100 100 100 100 100 
Class 
Changes 
59.227 70.355 49.886 18.646 35.817 
Image 
Difference 
71.855 34.143 -9.169 166.833 -30.973 
 
The table above is showing the change detection statistics for the images that were captured 
before both the events understudy.  The results for the change detection analysis are showing 
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that in terms of vegetation, 29.9% of vegetation that is classified as dense vegetation has been 
changed to light vegetation from 2000 to 2013. 30% of what is classified as Light vegetation 
has also changed to bare soil as indicated on Table 10. Where it was shown to have dense 
vegetation on the initial state which is in 2000, it is shown in 2013 to be having a class 
change to cultivated land. This is shown to be a real change on the image; however some of 
these changes could be as a result of misclassification. Other classes such as water have also 
changed greatly to bare soil class.   
Table 11: Change Detection Statistics results in Percentages between the two images captured after 
the two flood events. 
Year Initial State (23 April 2000) 
   Water Cultivated land Dense 
Vegetation 
Bare Soil Light 
Vegetation 
F
in
al
 S
ta
te
 (
2
7
 A
p
ri
l 
2
0
1
3
) 
Unclassified 0 0 0 0 0 
Water 31.287 1.411 0.529 0.717 0.305 
Cultivated 
land 
1.473 7.119 15.751 2.397 1.217 
Dense 
Vegetation 
0.089 1.147 9.421 0.186 0.184 
Bare Soil 59.828 44.952 3.661 77.678 27.963 
Light 
Vegetation 
7.323 45.37 70.638 19.022 70.331 
Class Total 100 100 100 100 100 
Class 
Changes 
68.713 92.881 90.579 22.322 29.669 
Image 
Difference 
-12.956 -69.013 -87.32 449.222 -14.781 
 
The above table is showing change detection statistics for the images that were captured after 
the floods for both the events. Changes in vegetation that are much visible in terms of the 
classes are those of the class dense vegetation into light vegetation. The results are showing 
that from the year 2000 to the year 2013 after the floods 70.6% of dense vegetation has 
changed to light vegetation. Also, some of the light vegetation has changed to bare soil by 
27.9%. The results also show that slight change of the light vegetation has occurred since 
2000.  
The change detection results that are presented for both before the event images as well as the 
after the floods images are showing that there was more change in vegetation with the 2000 
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floods as compared to the 2013 flood event. These changes are shown more on the dense 
vegetation changing to light vegetation as well as change to bare soil or built up areas. 
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Chapter 5 
Discussion 
5. Introduction 
Impacts of floods on vegetation have been studied intensively throughout the world over the 
past years (Basak, 2015; Banach, 2009; Yanosky, 1982). The results have been shown to be 
different depending on the area of study. In this study, the results of these floods impacts are 
shown. The aim of this study was to determine the impacts of floods on vegetation species 
within the Shashe-Limpopo confluence Area. Using remote sensing as well as field data, the 
results were presented in the previous chapter. The objectives of this study, as well as the 
final outcomes of each objective, are discussed in this chapter.   
5.1.Mapping vegetation species 
The first objective of this study was to map the common vegetation species in the area using 
remotely sensed data. This objective was fulfilled using the Maximum Likelihood 
classification on the World View-2 image. Using WV-2 has provided detailed classification 
of the tree species as this imagery has an improved spatial resolution.  
According to the results that were shown on the map in chapter four, the vegetation species 
types that were recognized are Different types of acacia tree, Colophospermum Mopane, 
Stuhlmanni Terminalia, as well as the Ficus trees and the Croton Megalobotrys along the 
river/confluence edges. These vegetation types are the ones that are more common in this 
area of many other vegetation species. These results are aligned with the findings by Gotze et 
al (2008) who noted the different types of vegetation in the Mapungubwe landscape. From 
Gotze et al (2008) findings vegetation in this area can be classified into more classes than the 
classes that were presented in the results section. This shows that more attention is needed on 
the vegetation species classification of this area. According to SANParks, acacia tree species 
within this area are about 24. This study only identified three types of acacia that were mostly 
recognised in the field. 
The study shows that WorldView-2 satellite data is highly suitable to classify the presented 
tree species. However, it was difficult to classify these tree species on the image because 
some of these tree species have similar spectral signatures. Therefore, some of the errors 
presented by the confusion matrix may be due to this reason (Immitzer, 2012). Li et al. 
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(2014) used the same imagery to classify urban tree species but obtained a much higher 
accuracy than the current study. The authors’ noted that the high accuracy may be due to the 
fact that the trees that were used are more spectrally separable than those in the current study. 
Mapping tree species using Maximum Likelihood classification on WV-2 has proven to work 
successfully. However, the errors of misclassification remain. Using WV-2 as well as the 
MLC algorithm, all types of vegetation species were classified and the distribution of these 
tree species was noted regardless of the errors.  
This objective was presented in order for the study to be able to understand and identify what 
types of vegetation species around the study area thrive or are damaged when the area is 
affected by floods. The results from this section shed light on the behaviour of the common 
vegetation within the flooded environment.  
5.2.Flood extent Mapping 
One of the objectives of this study was to map the two different flood events using remotely 
sensed data (Landsat Imagery). This objective was done using a comparison of two different 
water indices (MNDWI and NDWI). 
The two water indices were compared to determine which one of the two presented better 
results when it comes to water features identification. After comparing the two indices the 
results showed that the Modified Normalized Difference Water Index (MNDWI) shows 
much-improved results than the Normalized Difference Water Index. These results are 
supported by a number of authors (Xu, 20006; Mcfeeters, 1996) who have shown the 
effectiveness of the MNDWI as well as the NDWI. Studies show that water information 
using the NDWI is often mixed with built-up land noise thus overestimating or 
underestimating the area of the resulting extracted water. The MNDWI shows to be more 
suitable than the NDWI for the reason that it is implemented in a way that it reduces and 
removes the built-up land noise (Xu, 2006).  
The results for mapping the flood extents where then presented using the outcomes that were 
acquired from the MNDWI. The results show accurately open water features however, this 
was not what the objective required. The objective was to map the flood extents for both the 
flood events. This index only showed open water features for both the flood events. The 
objective was also to see if the water indices are useful in mapping the flood extent. The 
result shows the ineffectiveness of the water index in showing the extent of the floods. The 
water indices are mostly implemented to map open water features (Mcfeeters, 1996) hence 
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the failed attempt to achieve the objective. The results show similarities with other studies 
that used MNDWI to map water features. This water index does not show water according to 
moisture contents on a feature instead it detects visible water features.  This is one of the 
limitations of using water indices; it only detects open water features.  
5.3. Climate data 
The differences between the two floods under study were shown using river discharge data 
from the two rainfall station by the Limpopo River. The discharge data shows clearly which 
months in each flood year understudy had high volume of water discharge. From the 
presented graphs (Figures 2 and 3) more discharge volume is shown on the 2013 year instead 
of 2000. However (Maposa, 2016; Spaliviero et al. 2014) noted that the 2000 flood event was 
the most intense as compared to the 2013 floods. This problem in the station data could be 
because the data is from different stations hence the inaccurate presentation. This was one of 
the limitations of this study. Data for both flood events could not be found in one station. 
5.4.Vegetation cover change due to flood events  
One of the objectives of this study was to quantify the vegetation changes caused by floods 
events. To achieve this objective two methods were used: the Normalized Difference 
Vegetation Index (NDVI) as well as the supervised land cover classification. NDVI 
Differencing was used to acquire the change detection results for the NDVI resulting images. 
The Statistical change detection method was used for the classified images. 
5.4.1. NDVI Vegetation change analysis using NDVI  
The NDVI results as well as the NDVI Differencing results are showing that vegetation has 
increased greatly looking at the before and after the floods images. The results also show 
some negative impacts where the area had vegetation before the floods and no vegetation 
after the floods. The NDVI change maps are showing more slightly vegetated areas.  
The areas that are shown by the NVDI to have decreased in vegetation are those areas that are 
considered to be the agricultural areas according to the vegetation classification on the results 
section. This is aligned with a number of studies that include a study by Banerjee (2010) who 
noted the disturbances of flood events on agricultural crops. The author noted that although 
floods have negative impacts on the crops it can also be beneficial on the long run if the flood 
is not too severe. The benefits include that of soil richness which is beneficial for the 
agriculture.   Also the areas that are characterized by the acacia species as well as a small 
percentage of the mopane trees are shown to have decreased after each flood event. Negative 
61 
 
changes of the acacia species are aligned with the findings by Basak et al (2015) who noted 
that out of all the tree species that could be affected by floods the most affected species in 
most areas include the acacia tree species. The changes with these tree species may depend 
on their adaptation.   
These results are showing that floods do have an impact on vegetation. These impacts can be 
negative or positive. However negative impacts that include total wipe out of vegetation is 
highly unlikely within the area of study. The most vegetated areas that can be more affected 
negatively by the floods are the agricultural areas which are the areas that are showing more 
vulnerability than the others. The vulnerability of agricultural areas to floods has been noted 
by a number of authors including Armah (2010) who noted that the agriculture remains one 
of the most vulnerable sectors mostly in Africa when there is flood hazard, this lead to a scare 
in food security as well as the economy. The mortality of other vegetation species can also be 
determined by these flood events depending on their intensity and their frequency (O'Connor, 
2010). 
5.4.2. Vegetation dynamic using change detection techniques  
Landsat images were classified to determine the changes in vegetation cover using change 
detection method.  
In both the flood events, the results have clearly indicated that change on vegetation extent 
and density due to flood events. These results is supported by Banach et al (2009) who noted 
that vegetation development after the floods is mainly determined by the soil quality which in 
most cases has shown a great decline in the vegetation species. The class classified as light 
vegetation also show changes to the bare soil class. What the results mean is that, some 
percentage of what was classified as light vegetation has now changed to bare soil. This 
means that vegetation in those certain areas has been uprooted, wiped out, or has become dry. 
Many authors support this theory with their findings. However; these changes in these types 
of vegetation maybe due to a number of factors including drought as this area can be very 
dry, as well as the animals more especially the Elephants.  O’Connor (2010) noted that the 
tree species in the Mapungubwe area is being reduced yearly because of the factors such as 
drought, animals as well as floods. Evidently there is somewhat reduction in tree species 
density; however flood events are not the only contributing factors in the mortality of the tree 
species. 
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This study shows some minor changes in vegetation after floods. However, most of the 
vegetation in this area has shown a positive change according to the results obtained. An 
increase in most of the vegetation after floods shows a great deal of species adaptation after 
these events. 
5.5.Vegetation species adaptation to floods 
The study classified different types of vegetation species that are common within the Shashe-
Limpopo Confluence Area.  The study shows us the results on what tree species change after 
the floods looking at the tree species classification as well as the change detection results 
from the NDVI as well as the supervised classification. 
According to Parolin & Wittmann (2010) the acacia as well as the mopane trees species are 
said to be less tolerant to flood hazards. However, according to the results obtained from this 
study acacia trees are shown to be thriving under such hazards. These trees species do show 
some minor changes but the changes shown by these species are not as great as those 
explained by the above mention authors. Both the mopane and the acacia appear to be 
thriving under these flood conditions from the results presented in this study.  
The area understudy is subjected to flooding almost every year. The need for these tree 
species to survive these frequent floods has given rise to a large variety of adaptation within 
most tree species. Hence the minor changes within the vegetation in this area. The tree 
species in this area have adapted to the frequent flood events. The agricultural land however, 
is said to be always vulnerable to these flood events.   
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Chapter 6 
6. Conclusions  
The study was conducted in the Shashe-Limpopo Confluence Area in the Mapungubwe area 
in Limpopo Province. The aim of this study was to determine the impacts of flood events on 
vegetation distribution. The main questions of the study were to find out if quantifying the 
extent of the flood was possible as well as to find out if there are any changes within the 
study area after it has been affected by the flood events. This chapter consists of the 
conclusions as well as the recommendation for this study. The recommendations are made 
based on the findings from the results. From the results obtained in this study the following 
conclusions are drawn: 
1. The study demonstrated the usefulness of the water index for mapping the extent of 
the floods. The main findings with regards to this objective were shown using the 
before as well as the after floods Landsat satellite imagery. From the results obtained 
it is concluded that the water index that was used as an attempt to map flood extent 
had not achieved the objective. The index is only able to detect the open water 
features. 
2. Vegetation plays a vital role in the ecosystem in shaping the landscapes as well as the 
whole surroundings. Floods as a result of heavy rainfall are bound to have an impact 
on the vegetation. From the conducted study, it is concluded with evidence from the 
results that flood events do have an impact on vegetation cover and distribution. It is 
concluded that although vegetation is not wiped out, there are somewhat negative 
changes in the vegetation within the study area. Not only are the changes negative but 
there is also some positive change. Positive change meaning that there is more 
increase in the vegetation than a decrease. So the study agrees that within the study 
area, flood events have an impact on vegetation cover. Some vegetation species tend 
to adapt to the frequent flood events, hence the slight negative changes shown within 
the vegetation results and more increase. The study also shows a strong relationship 
between the intensity of the flood events and changes in vegetation cover. This simply 
means that the stronger the flood event is the more severe the impacts are on the 
vegetation. The study also emphasises the impacts of vegetation on agricultural crops. 
The crops are more affected by floods than most other vegetation cover types within 
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the study area. For each studied flood event, the agricultural crops are shown to be the 
most affected.  
 
6.1. Recommendation 
With regards to the findings, the study recommends the following: 
 The study quantified the changes in vegetation with reference to flood events that  
occurred within the years 2000 as well as 2013. The study shows changes in 
vegetation looking at one factor which is flood. The study area has animals; it is also 
prone to drought as it tends to be dry. These are some of the factors that can be 
considered as contribution to the vegetation changes in this area. Therefore it is 
recommended that all factors be considered in assessing vegetation cover change 
within this area. This is to avoid biased results. 
  The study showed a few challenges in using the water index where, the results were 
showing much higher reflectance of non-water features. The techniques that are used 
to resolve this problem are not detailed in most studies. It is then recommended that 
the MNDWI pixel mix-up resolving technique be studied in detail to understand how 
the mix-up comes about and how it can be resolved. 
 
 
  
65 
 
References 
Aggarwal, S., 2004. Principles of remote sensing. Satellite remote sensing and GIS applications in 
agricultural meteorology, 23. 
Ahlqvist, O., 2008. Extending post-classification change detection using semantic similarity metrics 
to overcome class heterogeneity: A study of 1992 and 2001 US National Land Cover 
Database changes. Remote Sensing of Environment, 112(3), 1226-1241. 
Ahmad, F., 2012. Detection of change in vegetation cover using multi-spectral and multi-temporal 
information for district Sargodha, Pakistan. Sociedade & Natureza, 24(3), 557-571. 
Alam, K., Herson, M. and Donnel, I., 2008. Flood disasters: Learning from previous relief and 
recovery operations. Prevention Consortium and ALNAP, p.3. 
Amer, R., Kusky, T., Reinert, P. C., Ghulam, A., 2009. Image processing and analysis using Landsat 
ETM imagery for lithological mapping at Fawakhir, Central Eastern desert of Egypt. In 
ASPRS 2009 Annual Conference, Baltimore, Maryland. 
Apel, H., Thieken, A. H., Merz, B., & Blöschl, G., 2004. Flood risk assessment and associated 
uncertainty. Natural Hazards and Earth System Science, 4(2), 295-308. 
Armah, F.A., Yawson, D.O., Yengoh, G.T., Odoi, J.O. and Afrifa, E.K., 2010. Impact of floods on 
livelihoods and vulnerability of natural resource dependent communities in Northern Ghana. 
Water, 2(2), pp.120-139. 
Asaeda, T., Rashid, Md H., 2012. The impacts of sediment released from dams on downstream 
sediment bar vegetation. Journal of hydrology 430-431, 25-38. 
Asmala, A., 2012. Analysis of maximum likelihood classification on multispectral data. Applied 
Mathematical Sciences, 6(129-132), 6425-6436. 
Ayhan, E., Kansu, O., 2010. Analysis of image classification methods for remote sensing. 
Department of Geodesy and Photogrammetry, Faculty of Engineering, Blacksea Technical 
University, Trabzon, Turkey. 
Balica, S. F., 2012. Applying the Flood Vulnerability Index as a knowledge base for flood risk 
assessment. TU Delft, Delft University of Technology. 
66 
 
Balica, S. F., Wright, N. G., & van der Meulen, F., 2012. A flood vulnerability index for coastal 
cities and its use in assessing climate change impacts. Natural Hazards, 64(1), 73-105. 
Banach, A.M., Banach, K., Peters, C.J.H., Jansen, R.H.M., Visser, E.J.W., Stepniewska, Z., Roelofs, 
J.G.M. and Lamers, L.P.M., 2009. Effects of long-term flooding on biogeochemistry and 
vegetation development in floodplains; a mesocosm experiment to study interacting effects of 
land use and water quality. 
Banerjee, L., 2010. Effects of flood on agricultural productivity in Bangladesh. Oxford Development 
Studies, 38(3), pp.339-356. 
Barneveld, H. J., Silander, J. T., Sane, M., & Malnes, E., 2008. Application of satellite data for 
improved flood forecasting and mapping. In 4th International Symposium on Flood Defence: 
Managing Flood Risk, Reliability and Vulnerability, Toronto, Ontario, Canada (pp. 77-1). 
Basak, S. R., Basak, A. C., & Rahman, M. A., 2015. Impacts of floods on forest trees and their 
coping strategies in Bangladesh. Weather and Climate Extremes, 7, 43-48. 
Berk, A., Adler-Golden, S.M., Ratkowski, A.J., Felde, G.W., Anderson, G.P., Hoke, M.L., Cooley, 
T., Chetwynd, J.H., Gardner, J.A., Matthew, M.W. and Bernstein, L.S., 2002, July. 
Exploiting MODTRAN radiation transport for atmospheric correction: The FLAASH 
algorithm. In Information Fusion, 2002. Proceedings of the Fifth International Conference on 
(Vol. 2, pp. 798-803). IEEE. 
Bhalli, M. N., Ghaffar, A., Shirazi, S. A., & Parveen, N., 2013. An analysis of the normalized 
difference vegetation index (NDVI) and its relationship with the population distribution of 
faisalabad-pakistan. Pakistan Journal of Science, 65(4). 
Birtwistle, A. N., Laituri, M., Bledsoe, B., & Friedman, J. M., 2016. Using NDVI to measure 
precipitation in semi-arid landscapes. Journal of Arid Environments, 131, 15-24. 
Brakenridge, G. R., Anderson, E., Nghiem, S. V., Caquard, S., & Shabaneh, T. B., 2003. Flood 
warnings, flood disaster assessments, and flood hazard reduction: The roles of orbital remote 
sensing. Pasadena, CA: Jet Propulsion Laboratory, National Aeronautics and Space 
Administration. 
Busch, G., 2002. Remote Sensing and Land use classification: Supervised vs Unsupervised 
Classification. http://www.gis.usu.edu/~doug/RS5750/PastProj/FA2002/GlenBusch.pdf  
67 
 
Ceccato, P., Flasse, S., Tarantola, S., Jacquemoud, S. and Grégoire, J.M., 2001. Detecting vegetation 
leaf water content using reflectance in the optical domain. Remote sensing of 
environment, 77(1), pp.22-33. 
Chen, B., Xu, G., Coops, N. C., Ciais, P., Innes, J. L., Wang, G., & Cao, L., 2014. Changes in 
vegetation photosynthetic activity trends across the Asia–Pacific region over the last three 
decades. Remote Sensing of Environment, 144, 28-41. 
Chignell, S.M., Anderson, R.S., Evangelista, P.H., Laituri, M.J. and Merritt, D.M., 2015. Multi-
temporal independent component analysis and Landsat 8 for delineating maximum extent of 
the 2013 Colorado front range flood. Remote Sensing, 7(8), pp.9822-9843. 
Chormanski, J., Okruszko, T., Ignar, S., Batelaan, O., Rebel, K. T., & Wassen, M. J., 2011. Flood 
mapping with remote sensing and hydrochemistry: A new method to distinguish the origin of 
flood water during floods. Ecological Engineering, 37(9), 1334-1349. 
Coppin, P. R., & Bauer, M. E., 1996. Digital change detection in forest ecosystems with remote 
sensing imagery. Remote sensing reviews, 13(3-4), 207-234. 
Dao, P. D., Liou, Y. A., & Chou, C. W., 2015. Detection of flood inundation regions with 
LANDSAT/MODIS synthetic data. 
Daungthima, W., & Kazunori, H., 2013. Assessing the flood impacts and the cultural properties 
vulnerabilities in Ayutthaya, Thailand. Procedia Environmental Sciences, 17, 739-748. 
Detsch, F., Otte, I., Appelhans, T., Hemp, A., & Nauss, T., 2016. Seasonal and long-term vegetation 
dynamics from 1-km GIMMS-based NDVI time series at Mt. Kilimanjaro, Tanzania. Remote 
Sensing of Environment, 178, 70-83. 
Dewan, T. H., 2015. Societal impacts and vulnerability to floods in Bangladesh and Nepal. Weather 
and Climate Extremes, 7, 36-42. 
Džubáková, K., Molnar, P., Schindler, K., & Trizna, M., 2015. Monitoring of riparian vegetation 
response to flood disturbances using terrestrial photography. Hydrology and Earth System 
Sciences, 19(1), 195-208. 
Efobi, K., & Anierobi, C., 2013. Impact of Flooding on Riverine Communities: The Experience of 
the Omambala and Other Areas in Anambra State, Nigeria. Journal of Economics and 
Sustainable Development, 4(18), 58-62. 
68 
 
Elliott, K. J., Boring, L. R., & Swank, W. T., 1998. Changes in vegetation structure and diversity 
after grass-to-forest succession in a southern Appalachian watershed. The American midland 
naturalist, 140(2), 219-232. 
Eni, D. I., Atu, J. E., Oko, C., & Ekwok, I., 2011. Flood and it impact on farmlands in Itigidi, Abi 
local government area, Cross River state. Nigeria International Journal of Humanities and 
social science, 1(9), 98-104. 
Fekete, A., 2010. Assessment of Social Vulnerability River Floods in Germany. K. Brach (Ed.). 
United Nations University, Institute for Environment and Human Security (UNU-EHS). 
Firl, G. J., & Carter, L., 2011. Lesson 10: Calculating Vegetation Indices from Landsat 5 TM and 
Landsat 7 ETM+ Data. 
Forkel, M., Carvalhais, N., Verbesselt, J., Mahecha, M. D., Neigh, C. S., & Reichstein, M., 2013. 
Trend change detection in NDVI time series: Effects of inter-annual variability and 
methodology. Remote Sensing, 5(5), 2113-2144. 
Forkuo, E. K., & Frimpong, A., 2012. Analysis of forest cover change detection. International 
Journal of Remote Sensing Applicaions, 2(4), 82-92. 
Gandhi, G. M., Parthiban, S., Thummalu, N., & Christy, A., 2015. Ndvi: Vegetation Change 
Detection Using Remote Sensing and Gis–A Case Study of Vellore District. Procedia 
Computer Science, 57, 1199-1210. 
Gao, B. C., 1996. NDWI—A normalized difference water index for remote sensing of vegetation 
liquid water from space. Remote sensing of environment, 58(3), 257-266. 
Gascon, M., Cirach, M., Martínez, D., Dadvand, P., Valentín, A., Plasència, A., & Nieuwenhuijsen, 
M. J., 2016. Normalized Difference Vegetation Index (NDVI) as a marker of surrounding 
greenness in epidemiological studies: the case of Barcelona city. Urban Forestry & Urban 
Greening. 
Gautam, K. P., & Van Der Hoek, E. E., 2003. Literature study on environmental impact of floods. 
Delft Cluster. 
Masters, B.R., Gonzalez, R.C. and Woods, R., 2009. Digital image processing. Journal of 
biomedical optics, 14(2), p.029901.. 
69 
 
Götze, A. R., Cilliers, S. S., Bezuidenhout, H., & Kellner, K., 2003. Analysis of the riparian 
vegetation (Ia land type) of the proposed Vhembe-Dongola National Park, Limpopo 
Province, South Africa. Koedoe, 46(2), 45-64. 
Gotze, A.R., Cilliers, S.S. and Bezuidenhout, H., 2008. Analysis of the vegetation of the sandstone 
ridges (Ib land type) of the north-eastern parts of the Mapungubwe National Park, Limpopo 
Province, South Africa. Koedoe: African Protected Area Conservation and Science, 50(1), 
pp.72-81. 
Govaerts, B., & Verhulst, N., 2010. The normalized difference vegetation index (NDVI) 
Greenseeker (TM) handheld sensor: toward the integrated evaluation of crop management. 
Part A-Concepts and case studies. 
Haddad, E. A., & Teixeira, E., 2015. Economic impacts of natural disasters in megacities: The case 
of floods in São Paulo, Brazil. Habitat International, 45, 106-113. 
Haq, M., Akhtar, M., Muhammad, S., Paras, S., & Rahmatullah, J., 2012. Techniques of remote 
sensing and GIS for flood monitoring and damage assessment: a case study of Sindh 
province, Pakistan. The Egyptian Journal of Remote Sensing and Space Science, 15(2), 135-
141. 
Haraguchi, M., & Lall, U., 2015. Flood risks and impacts: A case study of Thailand’s floods in 2011 
and research questions for supply chain decision making. International Journal of Disaster 
Risk Reduction, 14, 256-272. 
He, H., Tian, Y. Q., Mu, X., Zhou, J., Li, Z., Cheng, N., & Oeurng, C., 2015. Confluent flow impacts 
of flood extremes in the middle Yellow River. Quaternary International, 1-9. 
Hickey, J. T., & Salas, J. D., 1995. Environmental effects of extreme floods. Hydrometeorology, 
Impacts, and Management of Extreme Floods, 13-17. 
Ho, L. T. K., Umitsu, M., & Yamaguchi, Y., 2010. Flood hazard mapping by satellite images and 
SRTM DEM in the Vu Gia–Thu Bon alluvial plain, Central Vietnam. International archives 
of the photogrammetry, remote sensing and spatial information science, 38(Part 8), 275-280. 
Hölzel, N., & Otte, A., 2001. The impact of flooding regime on the soil seed bank of flood‐meadows. 
Journal of Vegetation Science, 12(2), 209-218. 
70 
 
Huffman, T.N., 2009. Mapungubwe and Great Zimbabwe: The origin and spread of social 
complexity in southern Africa. Journal of Anthropological Archaeology, 28(1), pp.37-54. 
Hussaina, E., Urala, S., Malikb, A., & Shana, J., 2011. Mapping Pakistan 2010 floods using remote 
sensing data. In Proceedings of the ASPRS Annual Conference, Milwaukee, WI, USA (Vol. 
15). 
Immitzer, M., Atzberger, C. and Koukal, T., 2012. Tree species classification with random forest 
using very high spatial resolution 8-band WorldView-2 satellite data. Remote Sensing, 4(9), 
pp.2661-2693. 
Jarocinska, A., & Zagajewski, B., 2006. Remote sensing tools for analysis of vegetation condition in 
extensively used agricultural areas. University of Warsaw, K Krak. 
Jena, P.P., Chatterjee, C., Pradhan, G., Mishra, A., 2014. Are recent frequent high floods in 
Mahanadi basin in eastern India due to increase in extreme rainfalls? Journal of Hydrology 
517, 847-862. 
Jesse, B. N., & Tony Swemmer, N. N., 2013. Drivers of riparian forest change in Mapungubwe 
National Park, South Africa. 
Jeyaseelan, A.T., 2003. Droughts & floods assessment and monitoring using remote sensing and 
GIS. In Satellite remote sensing and GIS applications in agricultural meteorology (Vol. 291). 
Dehra Dun, India. Geneva, Switz: World Meteorol. Org. 
Ji, L., Zhang, L., & Wylie, B., 2009. Analysis of dynamic thresholds for the normalized difference 
water index. Photogrammetric Engineering & Remote Sensing, 75(11), 1307-1317. 
Jung, Y., Kim, D., Kim, D., Kim, M., & Lee, S. O., 2014. Simplified flood inundation mapping 
based on flood elevation-discharge rating curves using satellite images in gauged watersheds. 
Water, 6(5), 1280-1299. 
Kafi, K.M., Shafri, H.Z.M. and Shariff, A.B.M., 2014. An analysis of LULC change detection using 
remotely sensed data; A Case study of Bauchi City. In IOP conference series: Earth and 
environmental science (Vol. 20, No. 1, p. 012056). IOP Publishing. 
Khanna, R. K., Agrawal, C. K., Kumar, P., & Director, C. E., 2006. Remote sensing and GIS 
applications in flood management. In Indian disaster management congress, National 
Institute of Disaster Management, New Delhi, India. 
71 
 
Klemas, V., 2014. Remote Sensing of Floods and Flood-Prone Areas: An Overview. Journal of 
Coastal Research. 
Kotze, P., 2015. Riparian vegetation: feature. Water Wheel, 14 (4), 28-31. 
Kuenzer, C., Guo, H., Huth, J., Leinenkugel, P., Li, X., & Dech, S., 2013. Flood mapping and flood 
dynamics of the Mekong Delta: ENVISAT-ASAR-WSM based time series analyses. Remote 
Sensing, 5(2), 687-715. 
Lenney, M.P., Woodcock, C.E., Collins, J.B. and Hamdi, H., 1996. The status of agricultural lands in 
Egypt: the use of multitemporal NDVI features derived from Landsat TM. Remote Sensing of 
Environment, 56(1), pp.8-20. 
Li, D., Ke, Y., Gong, H., Chen, B. and Zhu, L., 2014, June. Tree species classification based on 
WorldView-2 imagery in complex urban environment. In Earth Observation and Remote 
Sensing Applications (EORSA), 2014 3rd International Workshop on (pp. 326-330). IEEE. 
Li, S., Liang, W., Fu, B., Lü, Y., Fu, S., Wang, S., & Su, H., 2016. Vegetation changes in recent 
large-scale ecological restoration projects and subsequent impact on water resources in 
China's Loess Plateau. Science of The Total Environment. 
Li, W., Du, Z., Ling, F., Zhou, D., Wang, H., Gui, Y., ... & Zhang, X., 2013. A comparison of land 
surface water mapping using the normalized difference water index from TM, ETM+ and 
ALI. Remote Sensing, 5(11), 5530-5549. 
Liang, S., Yi, Q., & Liu, J., 2015. Vegetation dynamics and responses to recent climate change in 
Xinjiang using leaf area index as an indicator. Ecological Indicators, 58, 64-76. 
Liu, X., Zhou, W., & Bai, Z., 2016. Vegetation coverage change and stability in large open-pit coal 
mine dumps in China during 1990–2015. Ecological Engineering, 95, 447-451. 
Lo, S. W., Wu, J. H., Lin, F. P., & Hsu, C. H., 2015. Cyber surveillance for flood disasters. Sensors, 
15(2), 2369-2387. 
Love, D., Uhlenbrook, S., Twomlow, S., & Zaag, P. V. D., 2010. Changing hydroclimatic and 
discharge patterns in the northern Limpopo Basin, Zimbabwe. Water SA, 36(3), 335-350. 
Lu, D., Mausel, P., Brondizio, E. and Moran, E., 2004. Change detection techniques. International 
journal of remote sensing, 25(12), pp.2365-2401. 
72 
 
Makinde, E.O., Salami, A.T., 2013. Remote sensing of vegetation stress and indicators. Space 
Applications & Environmental Science Laboratory, Institute of Ecology and Environmental 
Studies, Obafemi Awolowo University, Ile-Ife, Osun Staete. 
Maposa, D., 2016. Statistics of extremes with applications to extreme flood heights in the Lower 
Limpopo River Basin of Mozambique (Doctoral dissertation). 
Martínez, B., & Gilabert, M. A., 2009. Vegetation dynamics from NDVI time series analysis using 
the wavelet transform. Remote Sensing of Environment, 113(9), 1823-1842. 
Mas, J. F., 1999. Monitoring land-cover changes: a comparison of change detection techniques. 
International journal of remote sensing, 20(1), 139-152. 
McFeeters, S. K., 1996. The use of the Normalized Difference Water Index (NDWI) in the 
delineation of open water features. International journal of remote sensing, 17(7), 1425-
1432. 
Meer, I., Ahmad, S.S., 2014. Determining rainfall variations and the effect on vegetation coverage 
(rainfed/irrigated) areas of Punjab Province, Pakistan. Journal of Agriculture and 
Environmental Sciences, March 2014, Vol.3, No.1, pp. 103-122 
Memon, A. A., Muhammad, S., Rahman, S., & Haq, M., 2015. Flood monitoring and damage 
assessment using water indices: A case study of Pakistan flood-2012. The Egyptian Journal 
of Remote Sensing and Space Science, 18(1), 99-106. 
Messner, F., & Meyer, V., 2006. Flood damage, vulnerability and risk perception–challenges for 
flood damage research (pp. 149-167). Springer Netherlands. 
Michener, W. K., & Houhoulis, P. F., 1997. Detection of vegetation changes associated with 
extensive flooding in a forested ecosystem. Photogrammetric Engineering and Remote 
Sensing, 63(12), 1363-1374. 
Moats, B.W., 2007. Assessing the impact of flood inundation in the Devils lake area: A Remote 
Sensing Approach. Middle states Geographer, 2007, 40: 114-122. 
Montanaro, M., Lunsford, A., Tesfaye, Z., Wenny, B. and Reuter, D., 2014. Radiometric calibration 
methodology of the Landsat 8 thermal infrared sensor. Remote Sensing, 6(9), pp.8803-8821. 
MPNP and WHS MP – For the period 2013-2018. 
73 
 
Muhonda, P., Mabiza, C., Makurira, H., Kujinga, K., Nhapi, I., Goldin, J., & Mashauri, D. A., 2015. 
Analysis of institutional mechanisms that support community response to impacts of floods in 
the middle-zambezi river basin, Zimbabwe. Physics and Chemistry of the Earth, 76-78, 66-
71. 
Musyoki, A., Thifhulufhelwi, R., & Murungweni, F. M., 2016. The impact of and responses to 
flooding in Thulamela Municipality, Limpopo Province, South Africa. Jàmbá: Journal of 
Disaster Risk Studies, 8(2), 10-pages. 
Nedelea, A., Comănescu, L., Zaharia, L., & Săftoiu, L., 2013. Mapping flood vulnerability. Case 
study: Tecuci Town (Romania). In the 26th International Cartographic Conference. 
Nel, G.P. and Nel, E.J., 2009. Description of the natural environment and biodiversity impact 
assessment of the planned Vele Colliery. Prepared for CoAL OF. 
Nemani, R.R., Running, S.W., Pielke, R.A. and Chase, T.N., 1996. Global vegetation cover changes 
from coarse resolution satellite data. Journal of Geophysical Research: Atmospheres, 
101(D3), pp.7157-7162. 
O'Connor, J. E., & Costa, J. E., 2004. The world's largest floods, past and present: their causes and 
magnitudes (Vol. 1254). US Geological Survey. 
O'Connor, T. G., 2010. Transformation of riparian forest to woodland in Mapungubwe National 
Park, South Africa, between 1990 and 2007. Austral Ecology, 35(7), 778-786. 
Panda, S.S., Ames, D.P. and Panigrahi, S., 2010. Application of vegetation indices for agricultural 
crop yield prediction using neural network techniques.Remote Sensing, 2(3), pp.673-696. 
Paradhan, R., Ghose, M.K., Jeyaram, A., 2010. Land cover classification of remotely sensed satellite 
data using Bayesian and hybrid classifier. International Journal of computer Application 
(0975-8887), Vol. 7, No. 11.  
Parolin, P. and Wittmann, F., 2010. Struggle in the flood: tree responses to flooding stress in four 
tropical floodplain systems. AoB Plants, 2010, p.plq003. 
Popovska, C., & Ivanoski, D., 2009. Flood Risk Assessment of Urban Areas. In Risk Management of 
Water Supply and Sanitation Systems (pp. 101-113). Springer Netherlands. 
74 
 
Qi, S., Brown, D. G., Tian, Q., Jiang, L., Zhao, T., & Bergen, K. M., 2009. Inundation extent and 
flood frequency mapping using LANDSAT imagery and digital elevation models. GIScience 
& Remote Sensing, 46(1), 101-127. 
Ramachandra, T.V. and Kumar, U., 2004, September. Geographic Resources Decision Support 
System for land use, land cover dynamics analysis. In Proceedings of the FOSS/GRASS 
Users Conference (pp. 12-14). 
Rokni, K., Ahmad, A., Selamat, A., & Hazini, S., 2014. Water feature extraction and change 
detection using multitemporal Landsat imagery. Remote Sensing, 6(5), 4173-4189. 
Rose, R., Monteith, D. T., Henrys, P., Smart, S., Wood, C., Morecroft, M., & Corbett, S., 2016. 
Evidence for increases in vegetation species richness across UK Environmental Change 
Network sites linked to changes in air pollution and weather patterns. Ecological Indicators, 
68, 52-62. 
Ryan, L., 1997. Creating a “Normalized Difference Vegetation Index”(NDVI) image Using 
MultiSpec. University of New Hampshire. 
Samarasinghea, S. M. J. S., Nandalalb, H. K., Weliwitiyac, D. P., Fowzed, J. S. M., Hazarikad, M. 
K., & Samarakoond, L., 2010. Application of remote sensing and GIS for flood risk analysis: 
a case study at Kalu-Ganga river, Sri Lanka. International Archives of the Photogrammetry, 
Remote Sensing and Spatial Information Science, 38(Pt 8), 110-115. 
Schnebele, E., & Cervone, G., 2013. Improving remote sensing flood assessment using volunteered 
geographical data. 
Scott, R. L., Huxman, T. E., Barron‐Gafford, G. A., Darrel Jenerette, G., Young, J. M., & 
Hamerlynck, E. P., 2014. When vegetation change alters ecosystem water availability. Global 
change biology, 20(7), 2198-2210. 
Sharma, C.S., Behera, M.D., Mishra, A., Panda, S.N., 2011. Assessing flood induced Land-cover 
changes using Remote Sensing and Fuzzy Approach in the Eastern Gujarat (India). Water 
Resource Management 25:3219-3246. 
Shefali Aggarwal. Principles of remote sensing. In M V K Sivakumar, P S Roy, K Harmsen, and S K 
Saha, editors, Satellite Remote Sensing and GIS Applications in Agricultural Meteorology, 
pages 23–38, Dehradun, India, 7–11 July 2003. World 
75 
 
Shibendu, S.R., Neetu, Mamatha, S., Gupta, S., 2014. Use of Remote Sensing in crop forecasting and 
assessment in the impact of natural disasters. Mahalanobis National Forecast Centre. 
Department of Agriculture and Cooperation, Ministry of Agriculture, Pusa Campus New 
Delhi -110 012, India. 
Shoopala, R., 2008. Assessment using Remote Sensing and GIS methods: A case study in 
Skeidararsandur, Iceland. Land restoration Training programme, Keldnaholt, 112 reykjavik, 
Iceland. 
Simonovic, S. P., & Eng, P., 2002. Role of remote sensing in disaster management. 
Sims, N.C., Colloff, M.J., 2012. Remote Sensing of vegetation responses to flooding on a Semi-arid 
floodplain: Implications for monitoring ecological effects of environmental flows. Ecological 
indicators 18, 387-391. 
Sinthumule, N. I. (2014). Land use change and bordering in the Greater Mapungubwe transfrontier 
conservation area. 
Smith, L.C., 1997. Satellite remote sensing of river inundation area, stage, and discharge: A 
review. Hydrological processes,11(10), pp.1427-1439. 
Spaliviero, M., De Dapper, M., & Maló, S., 2014. Flood analysis of the Limpopo River basin 
through past evolution reconstruction and a geomorphological approach. Natural Hazards 
and Earth System Sciences, 14(8), 2027. 
Stow, D. A., Hope, A., McGuire, D., Verbyla, D., Gamon, J., Huemmrich, F., ... & Hinzman, L., 
2004. Remote sensing of vegetation and land-cover change in Arctic Tundra Ecosystems. 
Remote sensing of environment, 89(3), 281-308. 
Sun, X. X., Zhang, J. X., & Liu, Z. J., 2008. Vegetation cover annual changes based on 
MODIS/TERRA NDVI in the three gorges reservoir area. The International Archives of the 
Photogrammetry, Remote Sensing and Spatial Information Sciences, 37(PartB7), 1397-1400. 
Svetlana, D., Radovan, D., & Ján, D., 2015. The Economic Impact of Floods and their Importance in 
Different Regions of the World with Emphasis on Europe. Procedia Economics and Finance, 
34, 649-655. 
Tian, F., Brandt, M., Liu, Y. Y., Verger, A., Tagesson, T., Diouf, A. A., & Fensholt, R., 2016. 
Remote sensing of vegetation dynamics in drylands: Evaluating vegetation optical depth 
76 
 
(VOD) using AVHRR NDVI and in situ green biomass data over West African Sahel. 
Remote Sensing of Environment, 177, 265-276. 
Tietjen, B., 2015. Same rainfall amount different vegetation—How environmental conditions and 
their interactions influence savanna dynamics. Ecological Modelling. 
Tockner, K., & Stanford, J. A., 2002. Riverine flood plains: present state and future trends. 
Environmental conservation, 29(03), 308-330. 
Turoğlu, H., & Dölek, İ. (2011). Floods and their likely impacts on ecological environment in the 
Bolaman River Basin (Ordu, Turkey). Research Journal of Agricultural Science, 43(4), 167-
173. 
Van Bladeren, D., Zawada, P. K., & MAHLANGu, D., 2007. Statistical Based Regional Flood 
Frequency Estimation Study for South Africa Using Systematic, Historical and Palaeoflood 
Data. 
Wang, J., Wang, K., Zhang, M., Zhang, C., 2015. Impacts of climate change and human activities on 
vegetation cover in the hilly southern China. Ecological Engineering 81,451-461. 
Ward, D.P., Petty, A., Setterfield, S.A., Douglas, M.M., Ferdinads, K., Hamilton, S.K., Phinn, S., 
2014. Floodplain inundation and vegetation dynamics in the Alligator rivers region (kakadu) 
of northern Australia assessed using optical and Radar Remote Sensing. Remote Sensing of 
Environment 147, 43-55. 
Wei, S. U., Yu, D. Y., Sun, Z. P., Zhan, J. G., Liu, X. X., & Qian, L. U. O., 2016. Vegetation 
changes in the agricultural-pastoral areas of northern China from 2001 to 2013. Journal of 
Integrative Agriculture, 15(5), 1145-1156. 
Xu, H., 2006. Modification of normalised difference water index (NDWI) to enhance open water 
features in remotely sensed imagery. International Journal of Remote Sensing, 27(14), 3025-
3033. 
Xu, L., Zhang, S., He, Z., & Guo, Y., 2009. The comparative study of three methods of remote 
sensing image change detection. In Geoinformatics, 2009 17th International Conference on 
(pp. 1-4). IEEE. 
Yande, P. M., 2009. An impact of floods on the socio-economic livelihoods of people: A case study 
of Sikaunzwe community in Kazungula District of Zambia. Mini Dissertation Submitted in 
77 
 
Partial Fulfilment of the Requirements for the Master’s Degree in Disaster Risk Management, 
University Of The Free State, Faculty Of Natural And Agricultural Sciences. 
Yanosky, T.M., 1982. Effects of flooding upon woody vegetation along parts of the Potomac River 
flood plain [District of Columbia; Maryland; Virginia]. United States. Geological Survey. 
Professional paper (USA). 
Zăvoianu, F., Caramizoiub, A., & Badeaa, D., 2004. Study And Accuracy Assessment of Remote 
Sensing Data for Environmental Change Detection in Romanian Coastal Zone Of The Black 
Sea. In Proceeding of ISPRS (pp. 778-783). 
Zhang, H., Ma, W. C., & Wang, X. R., 2008. Rapid urbanization and implications for flood risk 
management in hinterland of the Pearl River Delta, China: The Foshan study. Sensors, 8(4), 
2223-2239. 
Zhang, J., Zhou, C., Xu, K., & Watanabe, M., 2002. Flood disaster monitoring and evaluation in 
China. Global Environmental Change Part B: Environmental Hazards, 4(2), 33-43. 
Zhang, X., Friedl, M. A., Schaaf, C. B., Strahler, A. H., Hodges, J. C., Gao, F., & Huete, A., 2003. 
Monitoring vegetation phenology using MODIS. Remote sensing of environment, 84(3), 471-
475. 
Zhou, Q., Li, B., & Chen, Y., 2011. Remote sensing change detection and process analysis of long-
term land use change and human impacts. Ambio, 40(7), 807-818. 
Zhou, Y., Ma, Z., Wang, L., 2002. Chaotic dynamics of the flood series in the Huaihe River Basin 
for the last 500 years. Journal of Hydrology 258, 100-110. 
Zuma, B.M., Luyt, C.D., Chirenda, T. and Tandlich, R., 2012. Flood disaster management in South 
Africa: legislative framework and current challenges. In International Conference on Applied 
Life Sciences. InTech.e 
